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Description 

Technical Field 

5 The invention relates to materials and methodologies for managing the spread of non-A, non-B hepatitis virus 

(NANBV) infection. More specifically, it relates to an etiologic agent of non-A, non-B hepatitis (NANBH), hepatitis C 
virus (HCV), and to polynucleotides and analogs thereof, which are useful in assays lor the detection of HCV in biological 
samples. 
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25 


Non-A, Non-B hepatitis (NANBH) is a transmissible disease or family ot diseases that are believed to be viral- 
induced, and that are distinguishable from other forms of viral-associated liver diseases, including that caused by the 
known hepatitis viruses, i.e.. hepatitis A virus (HAV), hepatitis B virus (HBV), and delta hepatitis virus (HDV), as well 
as the hepatitis induced by cytomegalovirus (CMV) or Epstein-Barr virus (EBV). NANBH wastirst identified in transfused 
30 individuals. Transmission from man to chimpanzee and serial passage in chimpanzees provided evidence that NANBH 
is due to a transmissible infectious agent or agents. 

Epidemiologic evidence is suggestive that there may be three types of NANBH: the water-borne epidemic type; 
the blood or needle associated type; and the sporadically occurring (community acquired) type. However, the number 
of agents which may be the causative of NANBH are unknown. 
35 There have been a number of candidate NANBV. See, for example the reviews by Prince (1983), Feinstone and 

Hoofnagle (1984), and Overby (1985. 1986, 1987) and the article by Iwarson (1987). However, there is no proof that 
any of these candidates represent the etiological agent of NANBH. 

The demand for sensitive, specific methods tor screening and identifying carriers of NANBV and NANBV contam- 
inated blood or blood products is significant. Post -transfusion hepatitis (PTH) occurs in approximately 1 0% of transfused 
40 patients, and NANBH accounts for up to 90% of these cases. The major problem in this disease is the frequent pro- 
gression to chronic liver damage (25-55%). 

Patient care as well as the prevention of transmission of NANBH by blood and blood products or by close personal 
contact require reliable screening, diagnostic and prognostic tools to detect nucleic acids, antigens and antibodies 
related to NANBV. 

45 Methods for detecting specific polynucleotides by hybridization assays are known in the art. See, for example, 

Matthews and Kricka (1988), Analytical Biochemistry 169:1; Landegren et al. (1988). Science 242:229; and Mittlin 
(1989), Clinical chem. 35:1819. U.S. Patent No. 4,868,105, issued Sept. 9. 1989, and in EPO Pub. No. 225807 (pub- 
lished June 16, 1987). 

50 Disclosure of the Invention 

Methods for isolating and/or detecting specific polynucleotides by hybridization could not be used for screening 
for HCV until Applicants* discovery of HCV. The Applicants' invention provides materials and methods for obtaining the 
viral genomic sequences, which are provided in PCT Pub. No. WO90/14436, and infra . 
55 The present invention thus provides a process for detecting an HCV sequence in an analyte strand suspected of 

containing an HCV polynucleotide, wherein the HCV polynucleotide comprises a selected target region, said process 
comprising: 
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(a) providing an oligonucleotide capable of hybridizing to an HCV sequence in an analyte polynucleotide strand, 
wherein the oligonucleotide consists essentially of (i): a polynucleotide sequence selected from the group consist- 
ing of oligonucleotides at least 1 2 nucleotides in length complennentary to the following regions of the HCV genome 
(as shown in Figure 1): 16-45, 49-78. 82-111, 115-144, 148-177, 211-240. 242-271, 275-304, 332-361, 365-394. 
398-427, and 457-486, optionally linked to (ii) a polynucleotide other than that to which it is linked in nature; 

(b) incubating the analyte strand with the oligonucleotide of (a) which allow specific hybrid duplexes to form between 
the targeting sequence and the target sequence; and 

(c) detecting hybrids formed between target region, if any, and the oligonucleotide. 

The present invention also provides a process for detecting the presence or absence of a single or double-stranded 
specific nucleic acid sequence in a sample containing a nucleic acid or mixture thereof, which process comprises: 

(a) treating the sample with one oligonucleotide primer for each strand of the specific nucleotide sequence, allowing 
specific hybrid duplexes to form between the oligonucleotide primer and the specific sequence; 

(b) synthesizing a primer extension product; and 

(c) detecting hybrids formed between the specific nucleotide sequence, if any, and the oligonucleotide primer; 
characterized in that the oligonucleotide primers of (a) are as defined above or the complement thereof. 

Step (a) above may be repeated, either with the same oligonucleotide or with another oligomer(s), wherein the 
other oligomer(s) are as defined above. 

Yet another aspect of the invention is a method for eliminating blood contaminated with an infectious agent from 
a blood supply made up of units from individual blood donors comprising: 

(a) providing analyte nucleic acids from a sample of blood suspected of containing a target sequence of a viral 
agent; 

(b) providing an oligomer capable of hybridizing to the target sequence, if present, in the analyte nucleic acids, 
characterized in that 

(i) the infectious agent is HCV; and 

(ii) the oligomer consists essentilly of (i): a polynucleotide sequence selected from the group consisting of 
oligonucleotides at least 1 2 nucleotides in length complementary to the following regions of the HCV genome 
(as shown in Figure 1): 16-45, 49-78, 82-111, 115-144, 148-177, 211-240, 242-271. 275-304. 332-361, 
365-394, 398-427, and 457-486, optionally linked to (ii) a polynucleotide other than that to which it is linked in 
nature; 

(c) reacting (a) and (b) under conditions which allow the formation of a polynucleotide duplex between the targeting 
sequence and the target sequence, if any; 

(d) detecting a duplex formed in (c), if any; and 

(e) saving the blood from which complexes were not detected in (d). 

The invention further provides a reagent useful for detecting of HCV. wherein said reagent comprises an oligonu- 
cleotide consisting essentially of polynucleotide sequence selected from the group consisting of oligonucleotides at 
least 12 nucleotides in length complementary to the following regions of the HCV genome (as shown in Figure 1): 
16-45, 49-78, 82-111. 115-144, 148-177. 211-240, 242-271. 275-304, 332-361. 365-394, 398-427. and 457-486, op- 
tionally linked to (ii) a polynucleotide other than that to which it is linked in nature. 

Brief Description of the Drawings 

Fig. 1 shows the compiled HCV cDNA sequence derived from the clone described herein and from the compiled 
HCVcDNA sequence presented in PCT Pub. No. WO90/14436. The clones from which the sequence was derived are 
5'-clone32, b114a, ISg, ag30a. CA205a. CA290a. CA216a. pi14a, CA167b, CA156e, CA84a, CA59a, K9-1 (also called 
k9-1), 26j, 13i, 12f, 14i. lib, 7f. 7e. 8h, 33c, 40b, 37b. 35, 36, 81, 32, 33b. 25c. 14c, 8f, 33f, 33g, 39c, 35f, 19g, 26g. 
15e, b5a. 16jh, 6k, and pl31jh. In the figure the three horizontal dashes above the sequence indicate the position of 
the putative initiator methionine codon. Also shown in the figure is the amino acid sequence of the putative polyprotein 
encoded in the HCV cDNA. Heterogeneities in cloned DNAs of HCV1 are indicated by the amino acids indicated above 
the putatively encoded sequence of the large ORF; the parentheses indicate that the heterogeneity was detected at 
or near to the 5'- or 3'- end of the HCV cDNA in the clone. 

Fig. 2 shows the DNA consensus sequences for five different HCV isolates from different geographic locations 
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(Japan and US), where the amino acids enccxied by the large ORF of HCV1 are shown above the DNA sequences. 
Fig. 3 shows the sequences of labelling probes for the detection of HCV RNA in biological sanaples used in Example 

III. 

Fig. 4 shows the alignment of the probes in Fig. 3 with HCV1 , according to the numbering in Fig. 1 . 
Modes for Carrying Out the Invention 


The term "hepatitis C virus" (HCV) has been reserved by workers in the field for an heretofore unknown etiologic 
agent of NANBH. The prototype isolate of HCV has been identified in EP-A-318 216. The term HCV also includes new 
10 isolates of the same viral species. As an extension of this terminology, the disease caused by HCV, formerly called 
blood-borne NANB hepatitis (BB-NANBH), is called hepatitis C. The terms NANBH and hepatitis C may be used in- 
terchangeably herein. 

HCV is a viral species of which pathogenic strains cause BB-NANBH. There may also be attenuated strains or 
defective interfering particles derived therefrom. As shown infra, the HCV genome is comprised of RNA. It is known 

J5 that RNA containing viruses have relatively high rates of spontaneous mutation, i.e., reportedly on the order of lO'^ to 
10"^ per incorporated nucleotide (Fields & Knipe (1986)). Therefore, since heterogeneity and fluidity of genotype are 
inherent in RNA viruses, there are multiple strainsAisolates, which may be virulent oravirulent, within the HCV species. 
The compositions and methods described herein, enable the propagation, identification, detection, and isolation of the 
various HCV strains or isolates. 

20 Several different strains/isolates of HCV have been identified (See PCT Pub. No. WO90/14436). One such strain 

or isolate, which is a prototype, is named CDC/HCV1 (also called HCV1 ). Information from one strain or isolate, such 
as a partial genomic sequence, is sufficient to allow those skilled in the art using standard techniques to isolate new 
strains/isolates and to identify whether such new strains/isolates are HCV. For example, several different strains/iso- 
lates are described infra . These strains, which were obtained from a number of human sera (and from different geo- 

25 graphical areas), were isolated utilizing the information from the genomic sequence of HCV1 . 

Using the techniques described in PCT Pub. No. WO90/14436, the genomic structure and the nucleotide sequence 
of HCV1 genomic RNA has been deduced. The genome appears to be single-stranded RNA containing ^ 10,000 
nucleotides. The genome is positive-stranded, and possesses a continuous, translational open reading frame (ORF) 
that encodes a polyprotein of about 3,000 amino acids. In the ORF, the structural protein(s) appear to be encoded in 

30 approximately the first quarter of the N-terminus region, with the majority of the polyprotein responsible for non-struc- 
tural proteins. When compared with all known viral sequences, small but significant co-linear homologies are observed 
with the non -structural proteins of the flavivirus family, and with the pestiviruses (which are now also considered to be 
part of the Flavivirus family). 

The flavivirus polyprotein contains, from the amino terminus to the carboxy terminus, the nucleocapsid protein (C), 

35 the matrix protein (M), the envelope protein (E), and the non-structural proteins (NS) 1 , 2(a+b), 3, 4(a+b), and 5. Based 
upon the putative amino acids encoded in the nucleotide sequence of HCV1 , a small domain at the extreme N-terminus 
of the HCV polyprotein appears similar both in size and high content of basic residues to the nucleocapsid protein (C) 
found at the N-terminus of flaviviral polyproteins. The non-structural proteins 2,3,4, and 5 (NS2-5) of HCV and of yellow 
fever virus (YFV) appear to have counterparts of similar size and hydropathic ity, although there is divergence of the 

40 amino acid sequences. However, the region of HCV which would correspond to the regions of YFV polyprotein which 
contains the M, E, and NS1 protein not only differs in sequence, but also appears to be quite different both in size and 
hydropathicity. Thus, while certain domains of the HCV genome may be referred to herein as. for example, NS1, or 
NS2, it should be borne in mind that these designations are speculative; there may be considerable differences between 
the HCV family and flaviviruses that have yet to be appreciated. 

-^5 Different strains, isolates or subtypes of HCV are expected to contain variations at the amino acid and nucleic 

acids compared with HCV1 . Many isolates are expected to show much (i.e., more than about 40%) homology in the 
total amino acid sequence compared with HCV1 . However, it may also be found that there are other less homologous 
HCV isolates. These would be defined as HCV according to various criteria such as, for example, an ORF of approx- 
imately 9,000 nucleotides to approximately 1 2,000 nucleotides, encoding a polyprotein similar in size to that of HCV1 , 

50 an encoded polyprotein of similar hydrophobic and/or antigenic character to that of HCV1 , and the presence of co- 
linear peptide sequences that are consen/ed with HCV1 . In addition, it is believed that the genome would be a positive- 
stranded RNA. 

All HCV isolates encode at least one epitope which is immunologically identifiable (i.e., immunologically cross- 
reactive) with an epitope encoded in the HCV cDNAs described herein. Preferably the epitope is contained in an amino 
55 acid sequence described herein and is unique to HCV when compared to previously known pathogens. The uniqueness 
of the epitope may be determined by its immunological reactivity with anti-HCV antibodies and lack of immunological 
reactivity with antitx)dies to known pathogens. 

HCV strains and isolates are evolutionarily related. Therefore, it is expected that the overall homology of the ge- 
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nomes at the nucleotide level may be about 40% or greater, probably will be about 50% or greater, probably about 
60% or greater, and even more probably about 80% or greater; and in addition that there will be corresponding con- 
tiguous sequences of at least about 1 3 nucleotides. It should be noted that there are variable and hypervariable regions 
within the HCV genome; therefore, the homology in these regions is expected to be significantly less than that in the 
overall genome. The correspondence between the putative HCV strain genomic sequence and, for example, the CDC/ 
HCV1 cDNA sequence can be determined by techniques known in the art. For example, they can be determined by a 
direct comparison of the sequence information of the polynucleotide from the putative HCV, and the HCV cDNA se- 
quence(s) described herein. They also can be determined by hybridization of the polynucleotides under conditions 
which form stable duplexes between homologous regions (for example, those which would be used prior to diges- 
tion), followed by digestion with single stranded specific nuclease(s), followed by size determination of the digested 
fragments. 

Because of the evolutionary relationship of the strains or isolates of HCV, putative HCV strains or isolates are 
identifiable by their homology at the polypeptide level. Generally, HCV strains or isolates are expected to be at least 
40% homologous, more than about 507o homologous, probably more than about 70% homologous, and even more 
probably more than about 80% homologous, and some may even be more than about 90% homologous at the polypep- 
tide level. The techniques for determining amino acid sequence homology are known in the art. For example, the amino 
acid sequence may be determined directly and compared to the sequences provided herein. Alternatively the nucleotide 
sequence of the genomic material of the putative HCV may be determined (usually via a cDNA intermediate), the 
putative amino acid sequence encoded therein can be determined, and the corresponding regions compared. 

As used herein, a polynucleotide "derived from" a designated sequence refers to a polynucleotide sequence which 
is comprised of a sequence of approximately at least about 6 nucleotides, preferably at least about 8 nucleotides, more 
preferably at least about 10-12 nucleotides, and even more preferably at least about 15-20 nucleotides corresponding 
to a region of the designated nucleotide sequence. "Corresponding" means homologous to or complementary to the 
designated sequence. Preferably, the sequence of the region from which the polynucleotide is derived is homologous 
to or complementary to a sequence which is unique to an HCV genome. More preferably, the derived sequence is 
homologous or complementary to a sequence that is unique to all or to a majority of HCV isolates. Whether or not a 
sequence is unique to the HCV genome can be determined by techniques known to those of skill in the art. For example, 
the sequence can be compared to sequences in databanks, e.g., Genebank, to determine whether it is present in the 
uninfected host or other organisms. The sequence can also be compared to the known sequences of other viral agents, 
including those which are known to induce hepatitis, e.g., HAV, HBV, and HDV, and to members of the Flaviviridae. 
The correspondence or non-correspondence of the derived sequence to other sequences can also be determined by 
hybridization under the appropriate stringency conditions. Hybridization techniques for determining the complementa- 
rity of nucleic acid sequences are known in the art, and are discussed infra. See also, for example, Maniatis et at. 
(1982). In addition, mismatches of duplex polynucleotides formed by hybridization can be determined by known tech- 
niques, including for example, digestion with a nuclease such as S1 that specifically digests single-stranded areas in 
duplex polynucleotides. Regions from which typical DNA sequences may be "derived" include but are not limited to, 
for example, regions encoding specific epitopes, as well as non-transcribed and/or non -translated regions. 

The derived polynucleotide is not necessarily physically derived from the nucleotide sequence shown, but may be 
generated in any manner, including for example, chemical synthesis or DNA replication or reverse transcription or 
transcription. In addition, combinations of regions corresponding to that of the designated sequence may be modified 
in ways known in the art to be consistent with an intended use. 

The term "recombinant polynucleotide" as used herein intends a polynucleotide of genomic, cDNA, semisynthetic, 
or synthetic origin which, by virtue of its origin or manipulation; (1 ) is not associated with all or a portion of a polynu- 
cleotide with which it is associated in nature, (2) is linked to a polynucleotide other than that to which it is linked in 
nature, or (3) does not occur in nature. 

The term "polynucleotide" as used herein refers to a polymeric form of nucleotides of any length, either ribonucle- 
otides or deoxyribonucleotides. This term refers only to the primary structure of the molecule. Thus, this term includes 
double- and single-stranded DNA and RNA. It also includes known types of modifications, for example, labels which 
are known in the art, methylation, "caps", substitution of one or more of the naturally occurring nucleotides with an 
analog, internucleottde nrxxfifications such as, for example, those with uncharged linkages (e.g.. methyl phosphonates, 
phosphotriesters, phosphoamidates, carbamates, etc.) and with charged linkages (e.g., phosphorolhioates, phospho- 
rodithioates, etc.), those containing pendant moieties, such as, for example proteins (including, e.g., nucleases, toxins, 
antibodies, signal peptides, poly-L-lysine, etc.), those with intercalators (e.g., acridine, psoralen, etc.), those containing 
chelators (e.g., metals, radioactive metals, boron, oxidative metals, etc.), those containing alkylators, those with mod- 
ified linkages (e.g., alpha anomeric nucleic acids, etc.), as well as unmodified forms of the polynucleotide. 

As used herein, the "sense strand" of a nucleic acid contains the sequence that has sequence homology to that 
of mRNA. The "anti-sense strand" contains a sequence which is complementary to that of the "sense strand". 

As used herein, a "positive stranded genome" of a virus is a genomic polynucleotide, whether RNA or DNA, which 
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encodes at least one viral polypeptide. Exannples of positive stranded RN A viruses include Togaviridae, Coronaviridae, 
Retroviridae, Picornaviridae, and Caliciviridae. Included also, are the Flaviviridae, which were fornnerly classified as 
Togaviradae. These viruses are typically single stranded. See Fields & Knipe (1986). 

The term "primer" as used herein refers to an oligomer v\^ich is capable of acting as a point of initiation of synthesis 
of a polynucleotide strand when placed under appropriate conditions. The primer will be completely or substantially 
complementary to a region of the polynucleotide strand to be copied. Thus, under conditions conducive to hybridization, 
the primer will anneal to the complementary region of the anatyte strand. Upon addition of suitable reactants, (e.g., a 
polymerase, nucleotide triphosphates, and the like), the primer is extended by the polymerizing agent to form a copy 
of the analyte strand. The primer may be single-stranded, or alternatively may be partially or fully double-stranded. 

The terms "analyte polynucleotide" and "analyte strand" refer to a single- or double-stranded nucleic acid molecule 
which is suspected of containing a target sequence, and which may be present in a biological sample. 

As used herein, the term "oligomer" refers to primers and to probes. The term oligomer does not connote the size 
of the molecule. However, typically oligomers are no greater than 1000 nucleotides, more typically are no greater than 
500 nucleotides, even more typically are no greater than 250 nucleotides; they may be no greater than 1 00 nucleotides, 
and may be no greater than 75 nucleotides, and also may be no greater than 50 nucleotides in length. 

As used herein, the term "probe" refers to a structure comprising a polynucleotide which forms a hybrid structure 
with a target sequence, due to complementarity of at least one sequence in the probe with a sequence in the target 
region. The polynucleotide regions of probes may be composed of DNA, and/or RNA, and/or synthetic nucleotide 
analogs. Included within probes are "capture probes" and "label probes". Preferably the probe does not contain a 
sequence complementary to sequence(s) used to prime the polymerase chain reaction (PGR). 

As used herein, the term "target region" refers to a region of the nucleic acid which is to be amplified and/or 
detected. The term "target sequence" refers to a sequence with which a probe or primer will form a stable hybrid under 
desired conditions. 

The term "capture probe" as used herein refers to a polynucleotide comprised of a single-stranded polynucleotide 
coupled to a binding partner. The single-stranded polynucleotide comprises a targeting polynucleotide sequence, which 
is complementary to a target sequence in a target region to be detected in the analyte polynucleotide. This comple- 
mentary region is of sufficient length and complementarity to the target sequence to afford a duplex of stability which 
is sufficient to immobilize the analyte polynucleotide to a solid surface (via the binding partners). The binding partner 
is specific for a second binding partner; the second binding partner can be bound to the surface of a solid support, or 
may be linked indirectly via other structures or binding partners to a solid support. 

The term "targeting polynucleotide sequence" as used herein, refers to a polynucleotide sequence which comprises 
nucleotides which are complementary to a target nucleotide sequence; the sequence is of sufficient length and com- 
plementarity with the target sequence to form a duplex which has sufficient stability for the purpose intended. 

The term "binding partner" as used herein refers to a molecule capable of binding a ligand molecule with high 
specificity, as for example an antigen and an antibody specific therefor. In general, the specific binding partners must 
bind with sufficient affinity to immobilize the analyte copy/complementary strand duplex (in the case of capture probes) 
under the isolation conditions. Specific binding partners are known in the art, and include, for example, biotin and avidin 
or streptavidin, IgG and protein A, the numerous known receptor-ligand couples, and complementary polynucleotide 
strands. In the case of complementary polynucleotide binding partners, the partners are normally at least about 15 
bases in length, and may be at least 40 bases in length; in addition, they have a content of Gs and Cs of at least about 
40% and as much as about 60%. The polynucleotides may be composed of DNA, RNA, or synthetic nucleotide analogs. 

The term "coupled" as used herein refers to attachment by covalent bonds or by strong non-covalent interactions 
(e.g., hydrophobic interactions, hydrogen bonds, etc.). Covalent bonds may be, for example, ester, ether, phosphoester, 
amide, peptide, imide, carbon-sulfur bonds, carbon -phosphorus bonds, and the like. 

The term "support" refers to any solid or semi-solid surface to which a desired binding partner may be anchored. 
Suitable supports include glass, plastic, metal, polymer gels, and the like, and may take the form of beads, wells, 
dipsticks, membranes, and the like. 

The term "label" as used herein refers to any atom or moiety which can be used to provide a detectable (preferably 
quantifiable) signal, and which can be attached to a polynucleotide or polypeptide. 

As used herein, the term "label probe" refers to an oligomer which comprises targeting polynucleotide sequence, 
which is complementary to a target sequence to be detected in the analyte polynucleotide. This complementary region 
is of sufficient length and complementarity to the target sequence to afford a duplex comprised of the "label probe* 
and the "target sequence" to be detected by the label. The oligomer is coupled to a label either directly, or indirectly 
via a set of ligand molecules with high specificity for each other. Sets of ligand molecules with high specificity are 
described supra , and also includes multimers. 

The term "multimer", as used herein, refers to linear or branched polymers of the same repeating single-stranded 
polynucleotide unit or different single-stranded polynucleotide units. At least one of the units has a sequence, length, 
and composition that permits it to hybridize specifically to a first single-stranded nucleotide sequence of interest, typ- 
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ically an analyle or an oligomer (e.g., a label probe) bound to an analyte. In order to achieve such specificity and 
stability, this unit will normally be at least about 15 nucleotides in length, typically no more than about 50 nucleotides 
in length, and preferably about 30 nucleotides in length; moreover, the content of Gs and Cs will normally be at least 
about 40%, and at most about 60%. In addition to such unit(s), the multimer includes a multiplicity of units that are 

s capable of hybridizing specifically and stably to a second single-stranded nucleotide of interest, typically a labeled 
polynucleotide or another multimer. These units are generally about the same size and composition as the muttimers 
discussed above. When a multimer is designed to be hybridized to another multimer, the first and second oiigonucle- 
otide units are heterogeneous (different), and do not hybridize with each other under the conditions of the selected 
assay. Thus, multimers may be label probes, or may be ligands which couple the label to the probe. 

10 As used herein, the term "viral RNA", which includes HCV RNA, refers to RNA from the viral genome, fragments 

thereof, transcripts thereof, and mutant sequences derived therefrom. 

As used herein, a "biological sample' refers to a sample of tissue or fluid isolated from an individual, including but 
not limited to, for example, plasma, serum, spinal fluid, lymph fluid, the external sections of the skin, respiratory, intes- 
tinal, and genitourinary tracts, tears, saliva, milk, blood cells, tumors, organs, and also samples of in vitro cell culture 

IS constituents (including but not limited to conditioned medium resulting from the growth of cells in cell culture medium, 
putatively virally infected cells, recombinant cells, and cell components). 

Description of the Invention 

20 The practice of the present invention will employ, unless otherwise indicated, conventional techniques of chemistry 

molecular biology, microbiology, recombinant DNA, and immunology, which are within the skill of the art. Such tech- 
niques are explained fully in the literature. See e.g., Maniatis, Fitsch & Sambrook, "Molecular Cbning; A Laboratory 
Manual (1982); DNA Cloning, Volumes 1 and II (D.N Glover ed. 1985); Oligonucleotide Synthesis (M.J. Gait ed, 1984); 
Nucleic Acid Hybridization (B.D. Hames & SJ. Higgins eds. 1984); the series. Methods in Enzymology (Academic 

25 Press. Inc.), particularly Vol. 154 and Vol. 155 (Wu and Grossman, eds.). 

The useful materials and processes of the present invention are made possible by the identification of HCV as the 
etiologic agent of BB-NANBV, and by the provision of a family of nucleotide sequences isolated from cDNA libraries 
which contain HCV cDNA sequences. These cDNA libraries were derived from nucleic acid sequences present in the 
plasma of an HCV-infected chimpanzee. The construction of one of these libraries, the "c" library (ATCC No. 40394), 

30 is described in PCT Pub. No. WO90/1 4436. 

Utilizing the above-described HCV cDNA sequences, as well as that described herein, oligomers can be construct- 
ed which are useful as reagents for detecting viral polynucleotides in biological samples. For example, from the se- 
quences it is possible to synthesize DNA oligomers of 1 2 nucleotides, or larger, which are useful as hybridization probes 
to detect the presence of HCV RNA in, for example, donated blood, blood fractions, sera of subjects suspected of 

35 harboring the virus, or cell culture systems in which the virus is replicating. In addition, the novel oligomers described 
herein enable further characterization of the HCV genome. Polynucleotide probes and primers derived from these 
sequences may be used to amplify sequences present in cDNA libraries, and/or to screen cDNA libraries for additional 
overlapping cDNA sequences, which, in turn, may be used to obtain more overlapping sequences. As indicated in PCT 
Pub. No. WO90/14436, the genome of HCV appears to be RNAcomprisingprimarily a large open reading frame (ORF) 

40 which encodes a large potyprotein. 

In addition to the above, the information provided infra allows the identification of additional HCV strains or isolates. 
The isolation and characterization of the additional HCV strains or isolates may be accomplished by, for example, 
isolating the nucleic acids from body components which contain viral particles and/or viral RNA, creating cDNA libraries 
using oligomers based on the HCV1 sequence, for screening the libraries for clones containing HCV cDNA sequences 

4S described infra , and comparing the HCV cDNAs from the new isolates with the cDNAs described in PCT Pub. No. 
WO90/14436 and infra. Strains or isolates which fit within the parameters of HCV. as described in the Definitbns 
section, supra , are readily identifiable. Other methods for identifying HCV strains will be obvious to those of skill in the 
art, based upon the information provided herein. 

so Isolation of the HCV cDNA Sequences 

The oligomers of the invention contain regions which form hybrid duplex structures with targeted sequences in 
HCV polynucleotides. The HCV polynucleotide hybridizing regions of the oligomers may be ascertained from the HCV 
cDNA sequence(s) provided herein, and described in PCT Pub. No. WO90/14436. A composite of HCV cDNA from 
ss HCV1 , a prototypic HCV, is shown in Fig. 1 . The composite sequence is based upon sequence information derived 
from a number of HCV cDNA clones, which were isolated from a number of HCV cDNA libraries, including the "c" 
library present in lambda gtit (Xgtl 1 ) (ATCC No. 40394), and from human serum. The HCV cDNA clones were isolated 
by methods described in PCT Pub. No. WO90/14436. Briefly, the majority of clones which were isolated contained 
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sequences from the HCV cDNA "c" library which was constructed using pooled serum f ronn a chimpanzee with chronic 
HCV infection and containing a high titer of the virus, i.e.. at least 10® chimp infectious doses/ml (CID/ml). The pooled 
serum was used to isolate viral particles; nucleic acids isolated from these particles were used as the template in the 
construction of cDNA libraries to the viral genome. The initial clone, 5-1-1, was obtained by screening the "c" library 

6 with serum from infected individuals. After the isolation of the initial clone, the remainder of the sequence was obtained 
by screening with synthetic polynucleotide probes, the sequences of which were derived from the 5'-region and the 3'- 
region of the known HCV cDNA sequence(s). 

The description of the methods to retrieve the cDNA sequences is mostly of historical interest. The resultant se- 
quences (and their complements) are provided herein, and the sequences, or any portion thereof, could be prepared 

10 using synthetic methods, or by a combination of synthetic methods with retrieval of partial sequences using methods 
similar to those described in PCT Pub. No. WO90/14436. 

Oligomer Probes and Primers 

IB Using as a basis conserved regions of the HCV genome (as illustrated in Fig. 1 ). oligomers complementary to the 

parts of the HCV genome listed in claim 1 of 12 nucleotides or more can be prepared which hybridize with the positive 
strand{s) of HCV RNA or its complement, as well as to HCV cDNAs. These oligomers can serve as probes for the 
detection (including isolation and/or labeling) of polynucleotides which contain HCV nucleotide sequences, and/or as 
primers for the transcription and/or replication of targeted HCV sequences. The oligomers contain a targeting polynu- 

20 cleotide sequence, which is comprised of nucleotides which are complementary to a target HCV nucleotide sequence; 
the sequence is of sufficient length and complementarity with the HCV sequence to form a duplex which has sufficient 
stability for the purpose intended. For example, if the purpose is the isolation, via immobilization, of an analyte containing 
a target HCV sequence, the oligomers would contain a polynucleotide region which is of sufficient length and comple- 
mentarity to the targeted HCV sequence to afford sufficient duplex stability to immobilize the analyte on a solid surface, 

25 via its binding to the oligomers, under the isolation conditions. For example, also, if the oligomers are to serve as 
primers tor the transcription and/or replication of target HCV sequences in an analyte polynucleotide, the oligomers 
would contain a polynucleotide region of sufficient length and complementarity to the targeted HCV sequence to allow 
the polymerizing agent to continue replication from the primers which are in stable duplex form with the target sequence, 
under the polymerizing conditions. For example, also, If the oligomers are to be used as label probes, or are to bind 

30 to multimers, the targeting polynucleotide region would be of sufficient length and complementarity to form stable hybrid 
duplex structures with the label probes and/or multimers to allow detection of the duplex The oligomers may contain 
a minimum of 12 contiguous nucleotides which are complementary to the targeted HCV sequence and preferably will 
contain a minimum of about 14 contiguous nucleotides which are complementary to the targeted HCV sequence. 
Suitable HCV nucleotide targeting sequences which are listed in claim 1 may be comprised of nucleotides which 

35 are complementary nucleotides selected from HCV cDNA nucleotides, which are shown in Fig. 1. 

The oligomer, however, need not consist only of the sequence which is complementary to the targeted HCV se- 
quence. It may contain in addition, nucleotide sequences or other moieties which are suitable for the purposes for 
which the oligomers are used. For example, if the oligomers are used as primers for the amplification of HCV sequences 
via PCR, they may contain sequences which, when in duplex, form restriction enzyme sites which facilitate the cloning 

40 of the amplified sequences. For example, also, if the oligomers are to be used as "capture probes" in hybridization 
assays (described infra), they would contain in addition a binding partner which is coupled to the oligomer containing 
the nucleotide sequence which is complementary to the targeted HCV sequence. Other types of moieties or sequences 
which are useful of which the oligomers may be comprised or coupled to, are those which are known in the art to be 
suitable for a variety of purposes, including the labeling of nucleotide probes. 

45 The preparation of the oligomers is by means known in the art, including, for example, by methods which include 

excision, transcription, or chemical synthesis. 

In the basic nucleic acid hybridization assay, single-stranded analyte nucleic acid (either DNA or RNA) is hybridized 
to a nucleic acid probe, and resulting duplexes are detected. The probes tor HCV polynucleotides (natural or derived) 
are of a length which allows the detection of unique viral sequences by hybridization. Sequences of a minimum of 12 

50 nucleotides are preferred, and about 20 nucleotides or more appears optimal. Preferably, these sequences will derive 
from regions which lack heterogeneity These probes can be prepared using routine methods, including automated 
oligonucleotide synthetic methods. Among useful probes, for example, are those derived from the newly isolated clones 
disclosed herein, as well as the various oligomers useful in probing cDNA libraries, set forth betow. A complement to 
any unique portion of the HCV genome will be satisfactory. For use as probes, complete complementarity is desirable, 

55 though it may be unnecessary as the length of the fragment is increased. 

For use of such probes as agents to detect the presence of HCV polynucleotides (for example in screening for 
contaminated blood), the biological sample to be analyzed, such as blood or serum, may be treated, if desired, to 
extract the nucleic acids contained therein. The resulting nucleic acid from the sample may be subjected to gel elec- 
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trophoresis or other size separation techniques; alternatively, the nucleic acid sannple may be dot blotted without size 
separation. In order to form hybrid duplexes with the targeting sequence of the probe, the targeted region of the analyte 
nucleic acid must be in single stranded form. Where the sequence is naturally present in single stranded form, dena- 
turation will not be required. However, where the sequence is present in double stranded form, the sequence will be 
s denatured. Denaturation can be carried out by various techniques known in the art. Subsequent to denaturation, the 
analyte nucleic acid and probe are incubated under conditions which promote stable hybrid formation of the target 
sequence in the probe with the putative targeted sequence in the analyte, and the resulting duplexes containing the 
probe(s) are detected. 

Detection of the resulting duplex, if any, is usually accomplished by the use of labeled probes; alternatively, the 
10 probe may be unlabeled, but may be detectable by specific binding with a ligand which is labeled, either directly or 
indirectly. Suitable labels, and methods for labeling probes and llgands are known in the art, and include, for example, 
radioactive labels which may be incorporated by known methods (e.g., nick translation or kinasing), biotin, fluorescent 
groups, chemiluminescent groups (e.g., dioxetanes, particularly triggered dioxetanes), enzymes, antibodies, and the 
like. 

'5 The region of the probes which are used to bind to the analyte can be made completely complementary to the 

HCV genome. Therefore, usually high stringency conditions are desirable in order to prevent false positives. However, 
conditions of high stringency should only be used if the probes are complementary to regions of the viral genome which 
lack heterogeneity The stringency of hybridization is determined by a number of factors during hybridization and during 
the washing procedure, including temperature, ionic strength, length of time, and concentration of formamide. These 

20 factors are outlined in, for example, T. Maniatis (1982). 

Variations of this basic scheme which are known in the art, including those which facilitate separation of the du- 
plexes to be detected from extraneous materials and/or which amplify the signal from the labeled moiety, may also be 
used. A number of these variations are reviewed in, for example: Matthews and Kricka (1988). Anal. Biochem. 169 :1; 
Landegren et al. (1988), Science 242:229; and Mittlin (1989), Clin. Chem. 35:1819. Probes suitable for detecting HCV 

25 in these assays are comprised of sequences which hybridize with target HCV polynucleotide sequences to form du- 
plexes with the analyte strand, wherein the duplexes are of sufficient stability for detection in the specified assay system. 

A suitable variation is, for example, one which is described in U.S. Patent No. 4,668,105, issued Sept. 9, 1989, 
and in E.RO. Pub. No. 225807 (published June 16, 1987). These publications describe a solution phase nucleic acid 
hybridization assay in which the analyte nucleic acid is hybridized to a labeling probe set and to a capturing probe set. 

30 The probe-analyte complex is coupled by hybridization with a solid-supported capture probe that Is complementary to 
the capture probe set. This permits the analyte nucleic acid to be removed from solution as a solid phase complex. 
Having the analyte in the form of a solid phase complex facilitates subsequent separation steps in the assay. The 
labeling probe set is complementary to a labeled probe that is bound through hybridization to the solid phase/analyte 
complex. 

55 Generally, it is expected that the HCV genome sequences will be present in serum of infected individuals at rela- 

tively low levels, i.e., at approximately lO^-lO^ chimp Infectious doses (CID) per ml. This level may require that ampli- 
ficatk3n techniques be used in hybridization assays. Such techniques are known In the art. For example, the Enzo 
Biochemical Corporation "Bio-Bridge" {TM) system uses terminal deoxynucleotide transferase to add unmodified 3'- 
poty-dT-talls to a DNA probe. The poly dT-tailed probe is hybridized to the target nucleotide sequence, and then to a 

40 biotin-modified poIy-A. PCT Pub. No. WO84/03520 and EPO Pub. No. 124221 describe a DNA hybridization assay In 
which: (1) analyte is annealed to a single-stranded DNA probe that is complementary to an enzyme-labeled oligonu- 
cleotide; and (2) the resulting tailed duplex is hybridized to an enzyme-labeled oligonucleotide. EPO Pub. No. 204510 
describes a DNA hybrldizatbn assay In which analyte DNA is contacted with a probe that has a tail, such as a poly- 
dT tail, an amplifier strand that has a sequence that hybridizes to the tail of the probe, such as a poly-A sequence, and 

45 which is capable of binding a plurality of labeled strands. A type of hybridization assay which is described in EPO Pub. 
No. 317077 (published May 24, 1989), which should detect sequences at the level of approximately 10^/ml, utilizes 
nucleic acid muttimers which bind to single-stranded analyte nucleic acid, and which also bind to a multiplicity of single- 
stranded labeled oligonucleotides. A particularly desirable technique may involve amplification of the target HCV se- 
quences In sera approximately 10,000 fold (i.e., to approximately 10^ sequences/ml), as part of the hybridization sys- 

50 tem. The amplification may be accomplished, for example, by the polymerase chain reactions (PGR) technique de- 
scribed by Saiki et al. (1986). by Mullls, U.S. Patent No. 4.683,195. and by Mullis et al. U.S. Patent No. 4.683,202, 
Amplification may be prior to, or preferably subsequent to purification of the HCV target sequence. For example, am- 
plification may be utilized in conjunction with the assay methods described in U.S. Patent No. 4.868,105, or if even 
further amplification is desired, In conjunction with the hybridization system described in EPO Pub. No. 317077. 

55 Preferred methods for detecting HCV sequences in an analyte polynucleotide strand are based upon the hybrid- 

ization detection methods described in U.S. Patent No. 4.868,105 and in EPO Pub. No. 317077. These methods are 
solution-phase sandwich hybridization assays which utilize both capture and label probes which hybridize to target 
sequences In an analyte nucleic acid. In the use of these assays to screen biological samples for HCV, the probes 
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used would bind to conserved regions of the HCV genome. The capture and label probes may be interspersed in their 
binding to the target sequence. Alternatively, in a preferred mode the capture and label probes are in sets, and the 
probes of one set do not intersperse with the probes of another set. In the latter mode, preferably the set(s) of multiple 
capture probes hybridize to the most conserved regions of the genome, while the set(s) of multiple label probes may 

5 hybridize to regions which exhibit small amounts of divergence. For example, using the prototype HCV1 cDNA se- 
quence shown in Fig. 1 , probes could be used which hybridize to sequences in the region of nucleotides from about 
-318 to about 174, and/or nucleotides in the region of about 4378 to about 4902, and/or nucleotides in the region of 
from about 4056 to about 4448. The preferred probes would hybridize to sequences in the 5'-region of the HCV genome, 
since, as shown infra , this region appears to be highly conserved. Thus, preferred probes may hybridize to, for example, 

JO nucleotides from about -31 8 to about 1 74 as shown in Fig. 1 . Probes could be used which hybridize to either the positive 
strand in conserved regions, and/or its complement, depending upon the purpose, for example, to detect viral genomic 
sequences, or to detect HCV cDNA sequences resulting from PCR amplification, or to detect replicatlve intermediates 
to the positive HCV RNA strand. 

^5 Detection of HCV RNA and Polynucleotides Derived Therefrom Using an HCV/cPCR Method 

A particularly useful method for detecting HCV RNA or polynucleotides derived from HCV RNA is the HCV/cPCR 
method, which is a subject of the herein application, and which utilizes the polymerase chain reaction technique (PCR) 
which is described by Saiki et al. (1986). by Mullis in U.S. Pat. No. 4,683.195. and by Mullis et al. in U.S. Patent No. 

20 4,683,202. The HCV/cPCR method utilizes primers and probes derived from the information provided herein concerning 
the nature of the HCV genome. 

Generally, in the PCR technique, short oligonucleotide primers are prepared which match opposite ends of a de- 
sired sequence. The sequence between the primers need not be known. A sample of polynucleotide is extracted and 
denatured, preferably by heat, and hybridized with oligonucleotide primers which are present in molar excess. Polym- 

2S erizatlon is catalyzed by a template- and primer-dependent polymerase in the presence of deoxy nucleotide triphos- 
phates or nucleotide analogs (dNTPs). This results in two "long products" which contain the respective primers at their 
5'-termini, covalently linked to the newly synthesized complements of the original strands. The replicated DNA is again 
denatured, hybridized with oligonucleotide primers, returned to polymerizing conditions, and a second cycle of repli- 
cation is initiated. The second cycle provides the two original strands, the two long products from cycle 1, and two 

30 "short products" replicated from the long products. The short products contain sequences (sense or antisense) derived 
from the target sequence, flanked at the 5'- and 3'-termini with primer sequences. On each additional cycle, the number 
of short products is replicated exponentially. Thus, this process causes the amplification of a specific target sequence. 

In the method, a sample is provided which is suspected of containing HCV RNA, or a fragment thereof. The sample 
is usually taken from an individual suspected of having NANBH; however, other sources of the sample are included, 

35 e.g., conditioned medium or cells from in vitro systems in which the virus has been replicated. The sample, however, 
must contain the target nucleic acid sequence(s). 

The sample is then subjected to conditions which allow reverse transcription of HCV RNA into HCV cDNA. Con- 
ditions for reverse transcribing RNA are known to those of skill in the art, and are described in, for example, Mantatis 
et al. (1982), and in Methods in Enzymology. A preferred method of reverse transcription utilizes reverse transcriptase 

40 from a variety of sources, including recombinant molecules, and isolated from, for example, a retrovirus, preferably 
from avian myeloblastosis virus (AMV), and suitable conditions for the transcription. The HCV cDNA product of reverse 
transcription is in a RNA: DNA hybrid, which results from the first round of reverse transcription; subsequently, DNA: 
DNA hybrids result from two or more rounds of transcription. 

The HCV cDNA resulting from reverse transcription is then subjected to PCR to amplify the target sequence. In 

45 order to accomplish this, the HCV cDNA is denatured, and the separated strands are hybridized with primers whk;h 
flank the target sequence. 

Strand separation may be accomplished by any suitable denaturing method, including physical, chemical, or en- 
zymatic means, which are known to those of skill in the art. A preferred method, which is physical, involves heating 
the nucleic acid until it is completely (> 99%) denatured. Typical heat denaturation involves temperatures ranging from 
50 about 80**C to about 105**C, for times ranging from about 1 to 10 minutes. 

After hybridization of the HCV cDNA with the primers, the target HCV sequences are replicated by a polymerizing 
means which utilizes a primer oligonucleotide to initiate the synthesis of the replicate chain. The primers are selected 
so that they are complementary to sequences of the HCV genome. Oligomeric primers which are complementary to 
regions of the sense and antisense strands of HCV cDNA can be designed from the HCV cDNA sequences from the 
55 composite cDNA sequence provided in Fig. 1. 

The primers are selected so that their relative positions along a duplex sequence are such that an extension product 
synthesized from one primer, when it is separated from its template (complement), serves as a template for the exten- 
sion of the other primer to yield a replicate chain of defined length. 
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The primer is preferably single stranded for maxtnnum efficiency in amplification, but may alternatively be double 
stranded. If double stranded, the primer is first treated to separate its strands before being used to prepare extension 
products. Preferably, the primer is an oligodeoxy ribonucleotide. The primer must be sufficiently long to prime the syn- 
thesis of extension products in the presence of the agent for polymerization. The exact lengths of the primers will 
depend on many factors, including temperature and source of the primer and use of the method. For example, de- 
pending on the complexity of the target sequence, the oligonucleotide primer typically contains about 1 5-45 nucleotides, 
although it may contain more or fewer nucleotides. Short primer molecules generally require cooler temperatures to 
form sufficiently stable hybrid complexes with the template. 

The primers used herein are selected to be "substantially" complementary to the different strands of each specific 
sequence to be amplified. Therefore, the primers need not reflect the exact sequence of the template, but must be 
sufficiently complementary to selectively hybridize with their respective strands. For example, a non-complementary 
nucleotide fragment may be attached to the 5'-end of the primer, with the remainder of the primer sequence being 
complementary to the strand. Alternatively, non-complementary bases or longer sequences can be interspersed into 
the primer, provided that the primer has sufficient complementarity with the sequence of one of the strands to be 
amplified to hybridize therewith, and to thereby form a duplex structure which can be extended by the polymerizing 
means. The non-complementary nucleotide sequences of the primers may include restriction enzyme sites. Appending 
a restriction enzyme site to the end(s) of the target sequence would be particularly helpful for cloning of the target 
sequence. 

It will be understood that "primer", as used herein, may refer to more than one primer, particularly in the case where 
there is some ambiguity in the information regarding the terminal sequence(s) of the target region to be amplified. 
Hence, a "primer" includes a collection of primer oligonucleotides containing sequences representing the possible 
variations in the sequence or includes nucleotides which allow a typical basepairing. One of the primer oligonucleotides 
in this collection will be homologous with the end of the target sequence. A specific case is where oligomer sets are 
utilized to prime the amplification of a potentially variant region of the HCV genome. 

It is anticipated that there will be a variety of strains or isolates of HCV with sequences which deviate from HCV1, 
the prototype strain. Therefore, in order to detect variant strains it is preferable to construct primers which hybridize to 
conserved regions of the HCV genome. The conserved regions may be determined by comparing the nucleotide or 
amino acid sequences of several HCV strains/isolates. There appear to be at least three regions of conserved amino 
acid in the HCV genome, described supra., from which primers may be derived. The primers described infra , in the 
Examples, are derived from what are believed to be conserved regions of HCV, based upon sequence homology to 
that of the Flaviviruses. 

The oligonucleotide primers may be prepared by any suitable method. Methods for preparing oligonucleotides of 
specific sequence are known in the art, and include, for example, cloning and restriction of appropriate sequences, 
and direct chemical synthesis. Chemical synthesis methods may include, for example, the phosphotriester method 
described by Narang et al. (1979), the phosphodiester method disclosed by Brown et al. (1979), the diethylphospho- 
ramidate method disclosed in Beaucage et al. (1981). and the solid support method in U.S. Patent No. 4.458,066. 

The primers may be labeled, if desired, by incorporating means detectable by spectroscopic, photochemical, bio- 
chemical, immunochemical, or chemical means. 

Template-dependent extension of the oligonucleotide primer(s) is catalyzed by a polymerizing agent in the pres- 
ence of adequate amounts of the four deoxyribonucleotide triphosphates (dATP, dGTP, dCTP and dTTP) or analogs, 
in a reaction medium which is comprised of the appropriate salts, metal cations, and pH buffering system. Suitable 
polymerizing agents are enzymes known to catalyze primer- and template-dependent DNA synthesis. Known DNA 
polymerases include, for example, E. coli DNA polymerase I or its Klenow fragment, T4 DNA polymerase, and Taq 
DNA polymerase. The reaction conditions for catalyzing DNA synthesis with these DNA polymerases are known in the 
art. 

The products of the synthesis are duplex molecules consisting of the template strands and the primer extension 
strands, which include the target sequence. These products, in turn, serve as template for another round of replication. 
In the second round of replication, the primer extension strand of the first cycle is annealed with its complementary 
primer; synthesis yields a "short" product which is bounded on both the 5'- and the 3'-ends by primer sequences or 
their complements. Repeated cycles of denaturation, primer annealing, and extension result in the exponential accu- 
mulation of the target region defined by the primers. Sufficient cycles are run to achieve the desired amount of poly- 
nucleotide containing the target region of nucleic acid. The desired amount may vary, and is determined by the function 
which the product polynucleotide is to serve. 

The PCR method can be performed in a number of temporal sequences. For example, it can be performed step- 
wise, where after each step new reagents are added, or in a fashion where all of the reagents are added simultaneously 
or in a partial step-wise fashion, where fresh reagents are added after a given number of steps. 

In a preferred method, the PCR reaction is carried out as an automated process Which utilizes a thermostable 
enzyme. In this process the reaction mixture is cycled through a denaturing region, a primer annealing region, and a 
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reaction region. A machine nnay be employed which is specifically adapted for use with a thermostable enzyme, which 
utilizes temperature cycling without a liquid handling system, since the enzyme need not be added at every cycle. This 
type of machine is commercially available from Perkin Elmer Cetus Corp. 

After amplification by PGR, the target polynucleotides are detected by hybridization with a probe polynucleotide 

5 which forms a stable hybrid with that of the target sequence under stringent to moderately stringent hybridization and 
wash conditions. If it is expected that the probes will be completely complementary (i.e., about 99% or greater) to the 
target sequence, stringent conditions will be used. If some mismatching is expected, for example if variant strains are 
expected with the result thai the probe will not be completely complementary, the stringency of hybridizat ?n may be 
lessened. However, conditions are chosen which rule out nonspecific/adventitious binding. Conditions which affect 

10 hybridization, and which select against nonspecific binding are known in the art, and are described in, for example, 
Maniatis et al. (1 982). Generally, lower salt concentration and higher temperature increase the stringency of binding. 
For example, it is usually considered that stringent conditions are incubation in solutions which contain approximately 
0. 1 X SSC, 0.1 % SDS, at about 65°C incubation/wash temperature, and moderately stringent conditions are incubation 
in solutions which contain approximately 1-2 X SSC, 0.1% SDS and about 50°-65'*C incubation/wash temperature. 

15 Low stringency conditions are 2 X SSC and about 30°-50'*C. 

Probes for HCV target sequences may be derived from the HCV cDNA sequence shown in Fig. 1, or from new 
HCV isolates. The HCV probes may be of any suitable length which span the target region, but which exclude the 
primers, and which allow specific hybridization to the target region. If there is to be complete complementarity i.e., if 
the strain contains a sequence identical to that of the probe, since the duplex will be relatively stable under even 

20 stringent conditions, the probes may be short, i.e., in the range of about 1 2-30 base pairs. If some degree of mismatch 
is expected with the probe, i.e., if it is suspected that the probe will hybridize to a variant region, the probe may be of 
greater length, since length seems to counterbalance some of the effect of the mismatch(es). 

The probe nucleic acid having a sequence complementary to the target sequence may be synthesized using similar 
techniques described supra, for the synthesis of primer sequences. If desired, the probe may be labeled. Appropriate 

25 labels are described supra. 

In some cases, it may be desirable to determine the length of the PGR product detected by the probe. This may 
be particularly true if it is suspected that variant HCV strains may contain deletions within the target region, or if one 
wishes to confirm the length of the PCR product. In such cases it is preferable to subject the products to size analysis 
as well as hybridization with the probe. Methods for determining the size of nucleic acids are known in the art, and 

30 include, for example, gel electrophoresis, sedimentation in gradients, and gel exclusion chromatography 

The presence of the target sequence in a biological sample is detected by determining whether a hybrid has been 
formed between the HCV polynucleotide probe and the nucleic acid subjected to the PCR amplification technique. 
Methods to detect hybrids formed between a probe and a nucleic acid sequence are known in the art. For example, 
for convenience, an unlabeled sample may be transferred to a solid matrix to which it binds, and the bound sample 

35 subjected to conditions which allow specific hybridization with a labeled probe; the solid matrix is than examined for 
the presence of the labeled probe. Alternatively, if the sample is labeled, the unlabeled probe is bound to the matrix, 
and after the exposure to the appropriate hybridization conditions, the matrix is examined for the presence of label. 
Other suitable hybridization assays are described supra. 

40 Determination of Variant HCV Sequences Using PCR 

In order to identify variant HCV strains, and thereby to design probes for those variants, the above described HCV/ 
cPCR method is utilized to amplify variant regions of the HCV genome, so that the nucleotide sequences of these 
variant target regions can be determined. Generally, variant types of HCV might be expected to occur in different 
geographic locations than that in which the HCV1 strain is predominant, for example, Japan, Africa, etc.; or in different 
vertebrate species which are also infected with the virus. \^riant HCV may also arise during passage in tissue culture 
systems, or be the result of spontaneous or induced mutations. 

In order to amplify the variant target region, primers are designed to flank the suspect region, and preferably are 
complementary to conserved regions. Primers to two regions of HCV which are probably conserved, based upon the 
50 Flavivirus model. These primers and probes may be designed utilizing the sequence information for the HCV1 strain 
provided in Fig. 1 . 

Analysis of the nucleotide sequence of the target region(s) may be by direct analysis of the PCR amplified products. 
A process for direct sequence analysis of PCR amplified products is described in Saiki et al. (1988). 

Alternatively, the amplified target sequence(s) may be cloned prior to sequence analysis. A method for the direct 
55 cloning and sequence analysis of enzymatically amplified genomic segments has been described by Scharf (1986). 
In the method, the primers used in the PCR technique are modified near their 5' -ends to produce convenient restriction 
sites for cloning directly into, for example, an Ml 3 sequencing vector. After amplification, the PCR products are cleaved 
with the appropriate restriction enzymes. The restriction fragments are ligated into the Ml 3 vector, and transformed 
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into, for example, a JM 103 host, plated out, and the resulting plaques are screened by hybridization with a labeled 
oligonucleotide probe. Other methods for cloning and sequence analysis are known in the art. 

Universal Primers for Flaviviruses and for HCV 

5 

Studies of the nature of the genome of the HCV, utilizing probes derived from the HCV cDNA, as well as sequence 
information contained within the HCV cDNA, are suggestive that HCV is a Flavi-like virus. These studies are described 
in PCT Pub. No. WO90/14436, A comparison of the HCV cDNA sequence derived from the HCV cDNA clones with 
known sequences of a number of Flaviviruses show that HCV contains sequences which are homologous to conserved 

10 sequences in the Flaviviruses. These conserved sequences may allow the creation of primers which may be universal 
in their application for amplification of target regions of Flaviviruses, and for HCV Identification of the species is then 
accomplished utilizing a probe specific for the species. The genomes of a number of Flaviviruses are known in the art, 
and include, for example, Japanese Encephalitis Virus (Sumiyoshi et al. (1 987)), Yellow Fever Virus (Rice et al. (1 985)), 
Dengue Type 2 Virus (Hahn et al. (1988)), Dengue Type 4 Virus (Mackow (1987)), and West Nile Virus (Castle et al. 

15 (1986)). Identification of HCV RNA is accomplished utilizing a probe specific for HCV, the sequence of which can be 
determined the HCV cDNA sequences provided herein. 

Alternatively, utilization of sets of probe(s) designed to account for codon degeneracy and therefore contain com- 
mon sequences to the Flaviviruses and to HCV, as determined by a comparison of HCV amino acid sequences with 
the known sequences of the Flaviviruses, allows a general detection system for these viruses. 

20 

Construction of Desired DNA Sequences 

Synthetic oligonucleotides may be prepared using an automated oligonucleotide synthesizer as described by V\^rn- 
er (1984). If desired the synthetic strands may be labeled wilh^sp by treatment with polynucleotide kinase in the 

25 presence of ^^p-atP, using standard conditions for the reaction. 

DNA sequences, including those isolated from cDNA libraries, may be modified by known techniques, including, 
for example site directed mutagenesis, as described by Zoller (1982). Briefly, the DNA to be modified is packaged into 
phage as a single stranded sequence, and converted to a double stranded DNA with DNA polymerase using, as a 
primer, a synthetic oligonucleotide complementary to the portion of the DNA to be modified, and having the desired 

30 modification included in its own sequence. The resulting double stranded DNA is transformed into a phage supporting 
host bacterium. Cultures of the transformed bacteria, which contain replications of each strand of the phage, are plated 
in agar to obtain plaques. Theoretically, 50% of the new plaques contain phage having the mutated sequence, and the 
remaining 50% have the original sequence. Replicates of the plaques are hybridized to labeled synthetic probe at 
temperatures and conditions which permit hybridization with the correct strand, but not with the unmodified sequence. 

35 The sequences which have been identified by hybridization are recovered and cloned. 

Kits for Screening for HCV Derived Polynucleotides 

Oligomers which are probes and/or primers for amplification and/or screening of samples for HCV can be packaged 
40 into kits. Kits for screening for HCV sequences include the oligomeric probe DNAs. Kits for amplification of HCV se- 
quences may include the oligomeric primers used in the amplification. The kits usually contain the probes or primers 
in a premeasured or predetermined amount, as well as other suitably packaged reagents and materials, in separate 
suitable containers, needed for the particular hybridization and/or amplification protocol(s). For example, the kit may 
contain standards, buffers, supports, enzymes, substrates, label probes, binding partners, and/or instructions for con- 
45 ducting the test. 

Examples 

Described below are 2 examples (Examples I and II) of detection of HCV RNA using probes and primers not falling 
50 within the scope of the present claims and 1 Example (111) of the use of the oligonucleotides of claim 1 for the detection 
of HCV 

I. Detection of Positive and Negative Strand 5'-HCV RNA in Serum 

55 The RNA in HCV27. isolated from serum, was analyzed for the presence of positive and negative strands using 

the PCR method. The PCR method was performed essentially as described above, except for the following. 

The extracted HCV27 RNA was reverse transcribed into single-stranded cDNA using as a primer either Alex90 or 
JH52. Alex90, which is derived from nucleotkies -312 to -283 of the HCV1 genome, and has the sequence: 
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5' ACC ATG AAT CAC TCC CCT GTG AGO AAC TAG 3\ 

JH52 is derived from HCV nucleotides -93 to -117; the nucleotide numbers are Indicated in parentheses below the 
s sequences. In JH52 the underlined dinucleotide has been mutated to create the NotI site. The sequence pf JH52 is 
as follows: 


(Primer) Stuffer NotI HCV sequence 

10 

(JH52) 5' AGTCTT GCGG^GC ACGCCCAAATC 3' 
(•93) (-117) 

'5 The sequence of Alex90 matches that in nucleotides -312 to -283 of the positive strand of HCV RNA, whereas JH52 
matches that of nucleotides -117 to -93 of the negative strand. The resulting single-stranded HCV cDNAs were each 
separately amplified by PCR using Alex90 and JH52. Detection of the amplified products was accomplished by South- 
ern blotting, using Alex89 as the probe. Alex89 matches nucleotide numbers -203 to -175 of HCV RNA. The sequence 
of Alex89 is: 

20 

5' CCA TAG TGG TCT GCG GAA CCG GTG AGT ACA 3\ 

The analysis indicated that, by this method, the signals of the amplified products of both RNA strands were of equal 
25 intensity. These results are suggestive that HCV RNA in the 5'-region may exist as double-stranded RNA. 

II. Detection of HCV RNA in Plasma Using HCV/cPCR. Using Primers and Probes Derived from the 5'-Region of HCV 
RNA 


30 Extraction of HCV RNA from plasma 

Frozen plasma was thawed in a P3 hood. A 0.2 ml aliquot of digestion mix (100 millimolar (mM) Tris-HCI, 2 mM 
EDTA, 200 mM NaCI, 20 microgram/milliliter (jig/ml) MS2 RNA. 0.5% SDS, and 2 mg/ml Proteinase K, pH 8) was 
added to a 2 ml microfuge tube and prewarmed to 37'*C. The plasma (0.2 ml) was then added, and the mixture allowed 

35 to incubate at 60°C tor 1 hour Next, phenol (0.4 ml) was added, and the mixture vortexed 3 x for 30 seconds, allowing 
30 seconds between each vortexing. The mixture was then centrifuged for 5 minutes, and the aqueous phase recov- 
ered. The organic phase was back-extracted with 0.1 ml TES, and the pooled aqueous phases extracted 2x with 1 
volume phenol/chloroform/IAA, then with 1 volume chloroform. To the extract was added 1 \i\ (2 fig) glycogen (Boe- 
hringer Mannheim Corp.) and 25 \i\ NaOAc (3 M, pH 5.4) and 1 .25 ml cold EtOH, and the product frozen on dry ice 

40 and spun 10 min. The pellet was dissolved in 100 |il distilled water, and 5 ^1 NaOAc (pH 5.4) added with 250 |il cold 
EtOH. The solution was frozen and spun again, and the resulting pellet dissolved in 10 ^1 dH20. 

cDNA Synthesis 

45 In order to synthesize cDNA from the extracted RNA, initially 5 ^1 of the dissolved RNA was incubated with 4 \i\ 

water and 1 ^il (1 ^ig or 166 pmols of 18-mer) of RT primer. The incubation was at 70'*C for 3 minutes, followed by 
chilling on ice. The sequence of the RT primer was: 

50 y CCC AAC ACT ACT CGG CTA 3'. 

After the initial incubation, the following were added to the incubation mixture: 10 jxl of 5X first strand buffer (250 mM 
Tris HCl, pH 8.3, 375 mM KCI, 15 mM MgCl2, 50 mM dithiothreitol); 2.5 ^il deoxynucleoside triphosphates (10 mM 
each); 2.5 ^i! reverse transcriptase (MMLV from BRL. 200 units per jil), and distilled water to bring the volume to 50 
5S The mixture was incubated at 37'*C for 1 hour, heated at QO^C for 3 minutes, and chilled on ice. 
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PGR Amplification 

PGR amplification of the HGV cDNA produced above was conducted using the control and test reagents listed 
below, in the Table. In the Table, "RNA" indicates a control sample in which the RNA was extracted from an individual 
which was uninfected with HCV1 ; this sample was carried through the steps of cDNA synthesis and PGR amplification. 
"cDNA" indicates a control sample which was carried through the steps of cDNA synthesis and PGR amplification; 
however, In this case the aliquot of RNA was replaced with water during cDN A synthesis. "Template" was a control for 
the PGR reaction from which the template was omitted. "Sample' indicates the serum which was tested for the presence 
of HGV RNA. 

Table 


RNA cDNA Template Sample 


(m^) (m\) (m\) (m\) 

water to 100.0 to 100.0 to 100.0 to 100.0 

lOx buffer 10.0 10.0 10.0 10.0 

dNTPs 16.0 16.0 16.0 16.0 

primer 1 0.5 0.5 0.5 0.5 

primer 2 0.5 0.5 0.5 0.5 

template 2.5 2.5 - 2.5 

TaqPol 0.5 0.5 0.5 0.5 


Primer 1 and Primer 2 were 0.5 ^g/^l and 0.42 ng/^l, respectively, and had the following sequences. 


Primer 1: 5' ACC ATG AAT CAC TCC CCT GTG AGO AAC TAG 3', 


Primer 2: 5' AGT CTT GCG GGG GCA CGC CCA AAT C 3' 


These primers hybridize to a conserved region in the 5' end of the HGV genome. The samples contained 1 2.5 ^I serum 
equivalents of HGV cDNA, The amplification cycle conditions used were as follows: 

35 cycles: Melting - QA^G for 1 .5 min 

Annealing - 60°G for 2 min 

Elongation - 72"C for 3 min 
Final Elongation: 72*G for 30 min 

Soak at 4*G until removed. 

The amplified product was probed using a labeled DNA. The sequence of the probe was the following: 

Probe: 5' TTT CTT GGA TCA ACC CGC TCA ATG CCT 

GGA 3\ 
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Over 200 HCV sera-positive samples were examined by the above procedure. Only results in which the controls 
were negative were considered. In this case, all sera-positive samples were also positive in the PGR assay. 

III. Probes Derived from the Putative "Core* Region of HCV RNA 

5 

An analysis of the nucleotide sequences of cDNAs to different HCV isolates shows that a high degree of sequence 
conservation exists in the region from about nucleotide 1 to about nucleotide 570, using the numbering system for 
nucleotides shown in Fig. 1 . This region putalively encodes a "core" polypeptide of HCV. The consensus sequences 
for five different isolates from different geographic locations (Japan and the U.S.) is shown in Fig. 2. where HCV1 is 

10 the prototype HCV; the amino acids encoded in the large ORF of HCV1 are shown above the consensus nucleotide 
sequences. In the sequences shown in Fig. 2, HCV-JH is from a personal communication from Dr. Tetsu Miyamura 
(National Institute of Health of Japan), and JC-J1 and JC-J4 are from Mayumi et al. (1990). It may be seen in Fig. 2 
that between the consensus sequences in the putative "core" region, there is at least 90% homology relative to the 
sequence in HCV1. In view of the high degree of homology in the region between nucleotides +1 to +571, probes to 

15 this area would be useful in screening for HCV positive biological specimens. 

A set of label probes which may be used for the detection of HCV RNA from the region which putatively encodes 
an HCV "core" polypeptide are shown in Fig. 3. In Fig. 3, a "probe number" in the set includes a series of polynucleotides 
with heterogeneities indicated by the by the lUB Group Code listed in Fig. 3. The heterogeneities are to accomodate 
nucleotide sequence differences found in the consensus sequences of the different isolates. The regions of the HCV 

20 sequence to which the probes in the probe set of Fig. 3 are complementary are shown in Fig. 4, in which the nucleotide 
numbers correspond to the numbering in Fig. 1 . 

This probe set were used in an assay to detect HCV sequences. The assay format was described in PCT Pub. 
No. WO90/14436 in the Example section titled "Probes for Sandwich Hybidization for HCV 

25 Industrial Applicability 

The methods described herein, as well as the oligomers, both probes and primers, derived from HCV cDNA, and 
kits containing them, are useful for the accurate, relatively simple, and economic determination of the presence of HCV 
in biological samples, more particularly in blood which may be used for transfusions, and in individuals suspected of 

30 having HCV an infection. Moreover, these methods and oligomers may be useful for detecting an earlier stage of HCV 
infection than are immunological assays based upon the use of a recombinant HCV polypeptides. Also, an amplified 
polynucleotide hybridization assay detects HCV RNA in occasional samples which are anti-HCV antibody negative. 
Thus, the probes and primers described herein may be used amplified hybridization assays, in conjunction with an 
immunoassays based on HCV polypeptides to more completely identify infections due to HCV, and HCV-infected bi- 

35 ological specimens, including blood. 

The information provided herein allows the design of primers and/or probes which are derived from conserved 
regions of the HCV genome. The provision of these primers and probes makes available a general method which will 
detect variant HCV strains, and which will be of use in the screening of blood and blood products. 

If the primers used in the method are derived from conserved regions of the HCV genome, the method should aid 

40 in the detection and/or identification of variant strains of HCV This, in turn, should lead to the development of additional 
immunological reagents for the detection and diagnosis of HCV, as well as the development of additional polynucleotide 
reagents for detection and or treatment of HCV. 

In addition, sets of primers and probes designed from the conserved amino acid sequences of Flaviviruses and 
HCV allow for a universal detection method for these infectious agents. 

45 The following listed materials are on deposit under the terms of the Budapest Treaty with the American Type Culture 

Collection (ATCC), 12301 Parklawn Dr, Rockville. f^aryland 20852, and have been assigned the following Accession 
Numbers. 


lambda-gtl 1 

ATCC No. 

Deposit Date 

HCVcDNA library 

40394 

1 Dec. 1 987 

clone 81 

40388 

17 Nov 1987 

clone 91 

40389 

17 Nov 1987 

clone 1-2 

40390 

1 7 Nov 1 987 

clone 5-1-1 

40391 

1 8 Nov 1 987 

clone 12f 

40514 

10 Nov 1988 

clone 35f 

40511 

10 Nov 1988 
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(continued) 


Iambda-gt11 

ATCC No. 

Deposit Date 

clone 15e 

40513 

10 Nov. 1988 

clone K9-1 

40512 

10 Nov. 1988 

JSC 308 

20879 

5 May 1 988 

pS356 

67683 

29 April 1 988 


In addition, the following deposits were made on 11 May 1989. 


Strain 

Linkers 

ATCC No. 

D1210 (Cfl/5-1-1) 

EF 

67967 

D1210 (Cfl/81) 

EF 

67968 

D1210 (Cfl/CA74a) 

EF 

67969 

D1210 (Cfl/35f) 

AB 

67970 

D1210 (Cfl/279a) 

EF 

67971 

D1210 (Cfl/C36) 

CD 

67972 

D1210 (Cfl/13i) 

AB 

67973 

D1210 (Cfl/C33b) 

EF 

67974 

D1210 (Cfl/CA290a) 

AB 

67975 


HBlOl (AB24/C100 #3R) 67976 

The following derivatives of strain D1 21 0 were deposited or> 3 May 1 989. 


Strain Derivative 

ATCC No. 

pCF1CS/C8f 

67956 

pCF1AB/C12f 

67952 

pCFlEF/14c 

67949 

pCFlEF/15e 

67954 

pCF1AB/C25c 

67958 

pCF1EF/C33c 

67953 

pCFI EF/C33f 

67050 

pCF1CD/33g 

67951 

pCF1CD/C39c 

67955 

pCFlEF/C40b 

67957 

pCF1EF/CA167b 

67959 


The following strains were deposited on May 12, 1989. 


Strain 

ATCC No. 

Lambda 9t11(C35) 
Lannbda gt10(beta-5a) 

40603 
40602 
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(continued) 


Strain 

ATCC No. 

D1210 (C40b) 
D1210(M16) 

67980 
67981 


The following biological nnaterials were deposited on March 23, 1990. 


Material 

ATCC No. 

5'-clone32 (in pUCl8S) 

68276 


Claims 

1. A process for detecting an HCV sequence in an analyte strand suspected of containing an HCV polynucleotide, 
wherein the HCV polynucleotide comprises a selected target region, said process comprising: 

(a) providing an oligonucleotide capable of hybridizing to an HCV sequence in an analyte polynucleotide strand, 
wherein the oligonucleotide consists essentially of (i): a polynucleotide sequence selected from the group 
consisting of oligonucleotides at least 12 nucleotides in length complementary to the following regions of the 
HCV genome (as shown in Figure 1): 16-45, 49-78. 82-111. 115-144. 148-177, 211-240. 242-271, 275-304, 
332-361, 365-394, 398427, and 457486, optionally linked to (ii) a polynucleotide other than that to which it is 
linked in nature; 

(b) incubating the analyte strand with the oligonucleotide of (a) which allow specific hybrid duplexes to form 
between the targeting sequence and the target sequence; and 

(c) detecting hybrids formed between target region, if any, and the oligonucleotide. 

2. A process for detecting the presence or absence of a single or double-stranded specific nucleic acid sequence in 
a sample containing a nucleic acid or mixture thereof, which process comprises: 

(a) treating the sample with one oligonucleotide primer for each strand of the specific nucleotide sequence, 
allowing specific hybrid duplexes to form between the oligonucleotide primer and the specific sequence; 

(b) synthesizing a primer extension product; and 

(c) detecting hybrids formed between the specific nucleotide sequence, if any, and the oligonucleotide primer; 
characterized in that the oligonucleotide primers of (a) are as defined in claim 1 or the complement thereof. 

3. The process of claim 2 wherein steps (a) and (b) are repeated. 

4. The process of claim 2 wherein, said specific nucleic sequence is single stranded. 

5. The process of claim 2 wherein, said nucleotide sequence is RNA and said primer is an oligodeoxyribonucleotide. 

6. The process of any one of claims 1 to 5 wherein the oligonucleotide employed contains a restriction site on its 5' end. 

7. The process according to any one of claims 1 to 6 when the oligonucleotide consists essentially of a polynucleotide 
sequence selected from the group consisting of oligonucleotides at least 1 2 nucleotides in length complementary 
to the following regions of the HCV genome (as shown in Figure 1): 16-45, 49-78, 82-111, 115-144, 148-177, 
211-240. 242-271, 275-304, 332-381, 365-394, 398427, and 457-486. 

8. A kit for detecting a specific nucleotide sequence, comprising an oligonucleotide primer capable of hybridizing to 
the specific nucleotide sequence in an analyte polynucleotide strand, characterized in that the specific nucleotide 
sequence to be detected is an HCV sequence and the oligomer consists essentilly of (i): a polynucleotide sequence 
selected from the group consisting of oligonucleotides at least 12 nucleotides in length complementary to the 
following regions of the HCV genome (as shown in Figure 1): 1645, 49-78, 82-111, 115-144, 148-177, 211-240, 
242-271 , 275-304, 332-361 , 365-394, 398427. and 457486, optionally linked to (ii) a polynucleotide other than that 
to which it is linked in nature; 
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9. A method for eliminating blood contaminated with an infectious agent from a blood supply made up of units from 
individual blood donors comprising: 

(a) providing analyte nucleic acids from a sample of blood suspected of containing a target sequence of a viral 
5 agent; 

(b) providing an oligomer capable of hybridizing to the target sequence, if present, in the analyte nucleic acids, 
characterized in that 

(i) the infectious agent is HCV; and 
10 (ii) the oligomer consists essentilly of (i): a polynucleotide sequence selected from the group consisting 

of oligonucleotides at least 12 nucleotides in length complementary to the following regions of the HCV 
genome (as shown in Figure 1): 16-45, 49-78. 82-111, 115-144. 148-177. 211-240, 242-271, 275-304. 
332-361 , 365-394, 398427, and 457486, optionally linked to (ii) a polynucleotide other than that to which 
it is linked in nature; 

15 

(c) reacting (a) and (b) under conditions which allow the formation of a polynucleotide duplex between the 
targeting sequence and the target sequence, if any; 

(d) detecting a duplex formed in (c). if any; and 

(e) saving the blood from which complexes were not detected in (d). 

20 

10. A reagent useful for detecting of HCV. wherein said reagent comprises an oligonucleotide consisting essentially 
of polynucleotide sequence selected from the group consisting ot oligonucleotides at least 1 2 nucleotides in length 
complementary to the following regions of the HCV genome (as shown in Figure 1): 16-45, 49-78, 82-111, 115-144, 
148-177, 211-240, 242-271, 275-304, 332-361, 365-394, 398-427, and 457-486, optionally linked to (ii) a potynu- 

25 cleotide other than that to which it is linked in nature. 

11. A reagent according to claim 1 0 which consists essentially of of a polynucleotide sequence selected from the group 
consisting of oligonucleotides at least 12 nucleotides in length complementary to the following regions of the HCV 
genome (as shown in Figure 1): 16-45, 49-78. 82-111, 115-144, 148-177, 211-240, 242-271, 275-304. 332-361. 

30 365-394, 398-427, and 457-486. 

12. The reagent of claim 10 or 11 , wherein said oligonucleotide further comprises a detectable label. 


35 Patentanspruche 

1. Verfahren zum Nachweis einer HCV-Sequenz in einem zu analysierenden Strang, bei dem vermutet wird, daB er 
ein HCV-PoIynucleotid enthalt, wobei das HCV-Polynucleotid eine ausgewahlte Zielregion enthalt, umfassend: 

40 (a) Bereitstellung eines Oligonucleotides, das in der Lage ist, an eine HCV-Sequenz in einem zu analysieren- 

den Polynucleotidstrang zu hybridisieren, wobei das Oligonucleotid im wesentlichen besteht aus (i): einer 
Polynucleotidsequenz, ausgewahit aus der Gruppe, bestehend aus Oligonucleotiden einer l_ange von wenig- 
stens 12 Nucleotiden, die komplementar zu den folgenden Abschnitten des HCV-Genomes (wte in Figur 1 
gezeigt) sind: 16-45, 49-78, 82-111, 115-144, 148-177, 211-240, 242-271, 275-304, 332-361, 365-394. 

45 398-427 und 457-486, gegebenenfalls gebunden an (ii) ein anderes Polynucleotid als das, an welches es 

natOrlichenweise gebunden ist; 

(b) Inkubation des zu analysierenden Stranges mit dem Oligonucleotid aus (a), die die Bildung von spezifischen 
Hybrtdduplexen zwischen der zielspezifischen Sequenz und der Zielsequenz ermoglicht, und 

(c) Nachweis der Hybride, die aus einer gegebenenfalls vorhandenen Zielregion und dem Oligonucleotid ge- 
50 bildet wurden. 

2. Verfahren zum Nachweis des Vorhandenseins oder der Abwesenheit einer einzel- Oder doppelslrangigen spezi- 
fischen Nucleinsauresequenz in einer Probe, die eine Nucleinsaure oder ein Gemisch davon enthalt, umfassend: 

55 (a) Behandlung der Probe mit einem Oligonucleotidprimerfur jeden Strang der spezifischen Nucleotidsequenz, 

sodafB die Bildung von spezifischen Hybridduplexen zwischen dem Oligonucleotidprimer und der spezifischen 
Sequenz moglich ist; 

(b) Synthese eines Primerextensionsproduktes; und 
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(c) Nachweis von Hybriden, die zwischen der gegebenenfalls vorhandenen spezifischen Nucleotidsequenz 
und dem Oligonucleolidprimer entstanden sind; 

dadurch gekennzeichnet, da3 die Oligonucleotidprimer in (a) diejenigen sind, die in Anspruch 1 definierl 
wurden, oder deren konnplementare Strange sind. 

3. Vertahren nach Anspruch 2, dadurch gekennzeichnet, daf3 die Stufen (a) und (b) wiederholt werden. 

4. Verfahren nach Anspruch 2, dadurch gekennzeichnet, da3 die spezifische Nuclelnsauresequenz einzelstrangig 
ist. 

5. Verfahren nach Anspruch 2, dadurch gekennzeichnet, daB die Nucleotidsequenz RNA ist und da3 der Primer ein 
Oligodesoxyribonucleotid ist. 

6. Verfahren nach einem der Anspruche 1 bis 5, dadurch gekennzeichnet, daB das verwendete Oligonucleotid eine 
Restriktionsspaltstelle an seinem 5'-Ende enthalt. 

7. Verfahren nach einem der Anspruche 1 bis 6, dadurch gekennzeichnet, daB das Oligonucleotid im wesentlichen 
aus einer Polynucleotidsequenz besteht, die ausgewahit ist aus der Gruppe, bestehend aus Oligonucleotiden einer 
Lange von wenigstens 12 Nucleotiden, komplementar zu den folgenden Regionen des HCV-Genomes (wie in 
Figur 1 gezeigt): 16-45, 49-78. 82-111, 115-144, 148-177. 211-240, 242-271 , 275-304, 332-361, 365-394. 398-427 
und 457-486. 

8. Ein Kit zum Nachweis einer spezifischen Nucleotidsequenz, umfassend einen Oligonucleotidprimer, der In der 
Lage ist, an die spezifische Nucleotidsequenz in einem zu analysierenden Polynucleotidstrang zu hybridisieren, 
dadurch gekennzeichnet, daB die spezifische Nucleotidsequenz, die nachgewiesen werden soil, eine HCV-Se- 
quenz ist und daB das Oligomer im wesentlichen besteht aus (i): einer Polynucleotidsequenz. ausgewahit aus der 
Gruppe, umfassend Oligonucleotide einer Lange von wenigstens 1 2 Nucleotiden, komplementar zu den folgenden 
Regionen des HCV-Genomes (wie in Figur 1 gezeigt): 1 6-45, 49-78, 82-1 11 , 11 5-1 44. 1 48-1 77, 21 1 -240, 242-271 . 
275-304, 332-361, 365-394, 398-427 und 457-486, gegebenenfalls gebunden an (ii) ein anderes Polynucleotid 
als das. an welches sie naturlicherweise gebunden ist. 

9. Verfahren zur Entfernung von Blut, das mit einem infektiosen Agens kontaminiert ist, aus einer Blutbereitstellung, 
die sich aus Einheiten von einzelnen Blutspendem zusammensetzt, umfassend: 

(a) Bereitslellung von zu analysierenden Nucleinsauren aus einer Blutprobe, die im Verdacht steht, eine Ziel- 
sequenz eines viralen Agens zu enthalten; 

(b) Bereitslellung eines Oligomers, das in der L^ge ist, an die gegebenenfalls vorhandene Zielsequenz in den 
zu analysierenden Nucleinsauren zu hybridisieren, dadurch gekennzeichnet, daB 

(i) das infektiose Agens HCV ist; und 

(ii) das Oligomer im wesentlichen besteht aus (i): einer Polynucleotidsequenz, ausgewahit aus der Gruppe, 
umfassend Oligonucleotide einer Lange von wenigstens 12 Nucleotiden, komplementar zu den folgenden 
Regionen des HCV-Genomes (wie In Figur 1 gezeigt): 16-45, 49-78, 82-111, 115-144, 148-177. 211-240. 
242-271 , 275-304. 332-361 . 365-394, 398-427 und 457-486, gegebenenfalls gebunden an (Ii) ein anderes 
Polynucleotid als das, an welches sie naturlicherweise gebunden sind; 

(c) Umsetzung von (a) und (b) unter Bedingungen, die die Bildung eines Polynucleotidduplexes zwischen der 
zielspezifischen Sequenz und der gegebenenfalls vorhandenen Zielsequenz ertaubt; 

(d) Nachweis des in (c) gegebenenfalls gebildeten Duplexes; und 

(e) Aufheben des Blutes, bei dem in (d) keine Komplexe nachgewiesen wurden. 

10. Reagens, nutzlich zum Nachweis von HCV. dadurch gekennzeichnet, daB das Reagens ein Oligonucleotid um- 
faBt, das im wesentlichen aus einer Polynucleotidsequenz besteht, die ausgewahit ist aus der Gruppe, umfassend 
Oligonucleotide einer Lange von wenigstens 12 Nucleotiden, komplementar zu den folgenden Regionen des HCV- 
Genomes (wie in Figur 1 gezeigt): 16-45. 49-78. 82-111, 115-144. 148-177, 211-240, 242-271, 275-304. 332-361, 
365-394, 398-427 und 457-486, gegebenenfalls gebunden an (ii) ein anderes Polynucleotid als das. an welches 
es naturlicherweise gebunden ist. 
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11. Reagens nach Anspruch 10, das im wesenllichen aus einer Polynucleotidsequenz besteht, die ausgewahtt ist aus 
der Gruppe. bestehend aus Oligonucleotiden einer Lange von wenigstens 12 Nucleotiden, komptennentar zu den 
folgenden Regionen des HCV-Genomes (wie in Figur 1 gezeigt) : 1 6-45, 49-78, 82- 11 1 . 1 1 5-1 44, 1 48-1 77, 211 -240. 
242-271. 275-304, 332-361. 365-394. 398-427 und 457-486. 

12. Reagens nach Anspruch 10 Oder 11, dadurch gekennzelchnet, daB das Oligonucleotid zusatzlich eine nachweis- 
bare Markierung enthaft. 


Revendications 

1. Proc6d6 pour d6tecter une sequence d'HCV (virus de I'hdpatite C) dans un brin analyte suspect6 de contenir un 
polynucleotide d'HCV, dans lequel le polynucleotide d'HCV comprend une r6gion cible choisie, ledit proc6d6conn- 
prenant les etapes consistanl: 

(a) ^ tournir un oligonucleotide capable de s'hybrider ci une sequence d'HCV dans un brin polynucl6otidique 
analyte, I'oligonucieotide consistant essentiellement en (i) : une sequence polynucleolidique choisie dans le 
groupe constitue par des oligonucleotides ayant une longueur d'au naoins 12 nucleotides connpiennentaires 
des regions suivantes du g6nome d'HCV (tel que represente ^ la figure 1): 16-45, 49-78. 82-111, 115-144, 
148-177, 211-240, 242-271, 275-304, 332-361, 365-394. 398-427, et 457-486, eventuellement liee k (it) un 
polynucleotide autre que celui auquel elle est liee a I'etat naturel; 

(b) ^ incuber le brin analyte avec ('oligonucleotide de (a) ce qui permet ^ des duplexes hybrides sp6cifiques 
de se former entre la sequence de ciblage et la sequence cible; el 

(c) a detecter tes hybrides formes entre la region cible, si elle presente, et roligonucldotide. 

2. Proc6de pour detecter la presence ou I'absence d'une sequence acide nucieique specifique simple ou double brin 
dans un echantillon contenant un acide nucieique ou un melange d'acides nucleiques, procede qui comprend les 
etapes consistant: 

(a) a trailer rechantillon avec une amorce oligonucieotidique pour chaque brin de la sequence nucieotidique 
specifique, permettre a des duplexes hybrides specifiques de se former entre I'amorce oligonucieotidique et 
la sequence specifique; 

(b) & synthetiser un produit d'eiongation de I'amorce; et 

(c) a detecter les hybrides formes entre la sequence nucieotidique specifique, si elle est presente, et I'amorce 
oligonucieotidique; 

caracterise par le fait que les amorces oligonucieolidiques de (a) sont celles definies k la revendication 1 ou 
leurs compiementaires. 

3. Procede selon la revendication 2 dans lequel tes etapes (a) el (b) sont repetees. 

4. Procede seton la revendication 2 dans lequel, ladite sequence nucieique specifique est simple brin. 

5. Procede selon la revendication 2 dans lequel, ladite sequence nucieotidique est de I'ARN et ladite amorce est un 
oligodesoxyribonucieotide. 

6. Procede selon Tune quelconque des revendications 1 k 5 dans lequel roligonucieotide employe contient un site 
de restriction sur son extremite 5'. 

7. Proc6d6 selon Tune quelconque des revendications 1 a 6 dans lequel Toligonucieotide consiste essentiellement 
en une sequence polynucleolidique choisie dans le groupe constitue par des oligonucleotides ayant une longueur 
d'au moins 12 nucleotides compiementaires des regions suivantes du g6nome d'HCV (comme presente k la figure 
1) : 16-45, 49-78. 82-111, 115-144, 148-177, 211-240, 242-271, 275-304, 332-361, 365-394, 398-427. et 457-486. 

8. Kit pour la detection d'une sequence nucieotidique specifique, comprenant une amorce oligonucieotidique capable 
de s'hybrider k la sequence nucieotidique specifique dans un brin polynucleolidique analyte caracterise par le fait 
que la sequence nucieotidique specifique k detecter est une sequence d'HCV et Toligomere consiste essentielle- 
ment en (i) une sequence polynucleolidique choisie dans le groupe constitue par des oligonucleotides ayant une 
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longueur d'au moins 12 nucleotides compldmentaires des regions suivantes du g6nome d'HCV (tel que present6 
a la figure 1) : 16-45, 49-78. 82-111. 115-144, 148-177, 211-240, 242-271, 275-304, 332-361, 365-394, 398-427 
at 457-486. ^ventuellement li^e ^ (ii) un polynucleotide autre que celul auquel elle est liSe d retat natural. 

5 9. Methode pour 6liminer du sang contamine par un agent infectieux d'une source de sang constituee d'unites pro- 
venant de donneurs da sang individuals comprenant las 6tapas consistant: 

(a) k fournir des acides nucleiques analyles provenant d'un echantillon da sang suspectd de contanir una 
sequence cibia d'un agent viral; 
10 (b) a fournir un oligomera capable da s'hybrider ^ la sequence cible, si elle est pr6sente, dans les acides 

nucl6iques analytes, caract6risee par le fait que 

(i) I'agent infectieux est HCV; at 

(ii) roligomera consiste essantiellament en (i) : une sequence po!ynucl6otldiqua choisie dans le groupe 
15 constitud par des oligonucleotides ayant une longueur d'au moins 12 nucleotides complementaires des 

regions suivantes du g6noma d'HCV (tal qua presante & la figure 1) : 16-45, 49-78, 82-111, 115-144, 
148-177, 211-240. 242-271, 275-304. 332-361 . 365-394. 398427 at 457-486, eventuellemant Ilea k (ii) un 
polynucleotide autre que celui auquel alia est liee k I'etat naturel; 

20 (c) k faire reagir (a) el (b) dans des conditions qui permettent la formation d'un duplexe polynucleotidique 

antra la sequence de ciblaga et la sequence cible, si elle est presente; 
(d) k detecter un duplexe forme en (c), si 11 est present; et 
(a) a gardar le sang a partir duquel das complexes n'ont pas ete detectes en (d). 

10. Reactif utilisable pour la detection d'HCV, dans lequel ledit reactif comprand un oligonucleotide consistant essen- 
tiellement en une sequence polynucleotidique choisie dans le groupe constitue par des oligonucleotides ayant 
une longueur d'au moins 12 nucleotides complementaires das regions suivantes du g6nome d'HCV (tel que pre- 
sente k la figure 1) : 16-45, 49-78, 82-111, 115-144, 148-177. 211-240, 242-271, 275-304, 332-361, 365-394, 
398-427 et 457-486, evantuallament liee k (ii) un polynucleotide autre qua calui auquel elle est liee k I'etat naturel. 

11. Reactif salon la ravandication 10 qui consiste essentiellement en une sequence polynucleotidique choisie dans 
le groupe constitu6 par das oligonucleotides ayant una longueur d'au moins 12 nucleotides complementaires des 
regions suivantes du genome d'HCV (tel que presante a la figure 1): 16-45, 49-78, 82-111, 115-144, 148-177, 
211-240, 242-271, 275-304. 332-361, 365-394, 398-427 et 457-486. 

12. Reactif selon la revendication 10 ou 11, dans lequet ledit oligonucleotide comprend en outre un marqueur detec- 
table. 


40 


45 


50 


25 


30 
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-341 GCCAGCCCCCTGATGGGGGCGA 
CGGTCG(;GGGACTACCCCCGC7 

-319 CACTCCACCATCAATCACTCCCCTGTCAGGMCTACTGTCTTCACGCAGAAAG 
GIXy«;iGGTACTTAGTGAGGGGACACTCCTTGATGACi«yU«:TGCUlt-T^ 

-259 CCATGGCGTTAGTATCAGTGTCGTGCAGCCTCOU^GACCCCCCCTCCCCGGAGA^ 
GGTACCGCAATCATACTCACAGCACGTCCGACCTCCTCGGGGCCA««^ 

- 1 9 9 GTCCTCTGCCGAACCGGTGAGTACACCGGAATTCCCAGGACGACCGGGTCCTTTCTTGGA 
CACCAGACGCCTTGGCCACTCATGTGGCCTTAACCGTCCTGCTGCCCC^ 

-139 KJUVCCCCX:rCAATCCCTGGAG ATTTGGGCGTGCCCCCGCAACA^ 

AGTTGGGCGAGmCGGACCTCTAAACCCGCACGGCGCCGTTCTGACGATCGGCTC^ 

-79 GTTGGGTCGCGAAAGGCCTTGTGGTACTGCCTGATAGGGTGCTTSCCAGTGCCCCG^ 
CAACCCAGCGCTTTCCCGAACACCAltlACCCACTATCCCACGAACGCTC^ 

•19 GTCTCGTAGACCCTGCACC 
CAGAGCATCTGGCACGTCG 
— Arg Thr 

>ietSerThrA8nPrcLysProGlni.y8X.ysABnt78Ar9ASDthrA«nAr9ArgProGln 
1 ATGAGCACGAATCCTAAACCTCAAAAAAAAAACAAACGTAACACCAACCGTCGCCC^^ 
TACTCGTGCrTAGGATTTGGAGTTTTTTTTTTCTTTCCATTCTG^^ 

A«pValLysPheProGlyGlyGlyGlnlleValGlyGlyValTyrL«uLouProArgArg 
6 1 GACGTCAAGTTCCCGGGTGCCGCTCAGATCCTTCCTCGACTCTA C T TC TTGC^^ 
CTGCAGTrCAAGGGCCavCTGCCAGTCTAGCAACCACCTCJUUlTGAAC^ 

GlyProArgLduGlyVdlArgAlairxArgLyBThrSaz^luArgSexCliiPrcsArgGXy 
121 GGCCCTACAirrGCCTGTGCCX:GCGACG ACyuUkGACTTCCCAG^ 
CCGCGATCTAACCCJUJlCCCCCGCTCCTCTTTCTGAACGCTCrc 

ArgArgGlBProIlttProLysAlAArgArgProGIuGlyArg^nirTrpAlaGlDProGly 
1 81 ACACCTCACCCTATCCCCAAGGCTCCTCCGCCCCAGGCCACWACCTCGC^ 
TCTGCACTO^lTAGGGGTTCCCAGCAGCCGGGCTCCCGTCaXXyiCCCG^ 

XyrProTrpProLauTyiGlyAanGluClyCysClyTrpAlaClyTrpLeuLftuSerPro 

241 TACCCTTGGCCCCTCTATGGCAATOACCGCTGCGGGTCGCCGOGATGCCTCCTGT^ 

ATGGGAACCGGGGAGATACCGTTACTCCCGACGCCCJICCCGCCCTACCGAGGACAGAC^ 

ArgClySarArgProScrrrpGlyProThrAapProArgArgArgSerArg'AsnLauGly 

301 CGIWCTCTCGGCCTAGCTCCGCCCCa^CAGACCCCCGGCGlACGTCGCCC^ 

GavCC3AGACCCGGATCGACCCCGGGGTCTCTGGGGCCCGaiTCCAGCGCETTAAACC^ 

LysVallleAspThrLeuThrCysGIyPheAlaAspL^uMetGIyTyrlleProLeuVal 
3 6 1 AACGTCATCGATACCCTTACGTGCGGCTTCGCCGACCTCATGGGGTACATACCGCTCGTC 
TTCCAGTAGCTATGGGAATGCACGCCGAAGCGGCTGGACTACCCCATCTATCGCCAGCAG 

GlyAlaProLeuClyClyAlaAlaArgAlaLttuAlaHlsGlyValArgValLftuGliAAsp 
421 GGCCCCCCTCTXGGAGCCGCTG CCAGGGCCCTGGCGCATGGCGTCCGGGTTCTGGAAGAC 
CCGCCGGGACAACCTCCGCGACGGTCCCGGGACCGCGTACCGCACCCCCAAGACCTTCTG 

Thr 

GlyValAsnTyrAlaThrGlyAsnl^uProGlyCytSarPheSerllePheLcuLAuAla 

481 GGCGTGAACTATtXAACAGGGAACC TTCCTGGXTGCTCTTTCTCTATCTTCOT 

CCGCACTTGATACCTTGTCCCTTCGAAGGACCAACGAGAAAGAGAXAGAACGAAGACCGG 

LeuLeuScrCysLauThrValProAlaSerAlaTyrGlnValArgAsnSarThrGlyLeu 
541 CTGCTCTCTrGCrrGACTCTGCCCGCrTCGGCCTACCAAGTGCCCAACTCCACGGGGCCT 
GACGAGAGAACGAACTGACACGGGCGAAGCC3GATGGTTCACGCGTTGAGGTGCCCCGAA 

TyrHisValThrAsnAspCyfiProAsnScrSerlleValTyrOluAlaAlaAapAlalle 

601 TACaiCGTCACCAATGATTCCCCTAACTCGAGIATTGTGTAC(yU»CCCCCGAXGCC^ 

ATGCTGCAGTGGTTACTAACGGCATTCACCTrATAACAaiTGCTCCGCCCCCTACCCTAC 
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LeuHlsThrProGlyCysvalProCvsValArgGluGlyAaaAlaSexArg CyBTr pVal 
661 CTGCAC ACTCCGGGGTGCGTCCCTTGCCrrCGTG AGGGCAACCCCTCGAGGTGTTGGGTG 
aACGlGTGAGGCCCCACGCJU^GGAACGCyU^GCACTCCCGTTGaKSAGCTCCAC^ 

.UaMetThrProThrVaiAlathrArgAflpGiyLyai^uProAIaXhrGlni-euArgArg 

' Z 1 GCGATGACCCCTACCGTGGCCACCAGGG ATCGCAAACTCCCCGCGACGCAGCTTCGACGT 
CGCTACTGGGGATGCCACCCGTGGICCCTACCCTTTGAGGGGCGCTGCCTCGAAGCT^ 

HisIiaA«pLeuLeuValGlySerAlaThrl*euCysSerAlaLcuT7rValGl7A«pLeu 
" 8 1 CAOlTCCyVTCTGCTTCTCGGGAGCGCCACCCTCTGTTCGGCCCTCTACGTSGGGGAC 

GrCTAGClACACGAACAGCCCTCGCGGTGGGAGACAAGCCGCGAGATGCACCCCCTGGAT 

CysGlySerValPhalAuValClyGlaLeuPheThrPheSarProArgArgHlfiTrpThr 

841 IXXCCGTCTGT C TTT CTO TCGCCCAACTOTTCACCTTCTCTCCCACGCGC 

ACGCCCACACAGAAAGAAOUSCCGGTTGACAAGTGGAAGAGACCCTCCCCCGTGACC^ 

rhrClnGlycysAjnCyjSerlleTyrProGlyHlslleThrGlyHiaArgHctAlftTrp 
?01 ACGCAACGTTGCAATTGCTCTAXCTATCCCGGCCATATAACGGCTCACCGCATGGCATGG 
7GCGTTCCAACGTTAACGAGATAGATAGGGCCGGTATATTGCCCAGTGGCGTACCGTACC 

Vai 

A3 pHe tKe tMetAa nTrpSftr P r oThr Thr AiaLeu Va LMe tAl aG 1 nLe uLeuArg He 

i 1 gatatgatgatgaactggtccccracgacggcgttggtaawgctcagctgcrccggatc 
ctatactactacttgaccaggggatgctgccgcaaccattaccgagtcgacgaggcctag 

ProGljaAlallttlAuAspMetXIeAXaGlyAlaHlsTrpGlyValLauAlaGlylleAla 

1021 CCACAAGCa^TCTTGGACAT^TCGCTGGTGCTCACTGGGGAGTCCTCGCG^ 

GGTGTTCGGTAGAACCTGTACTAGCGACCACGAGTGACCCCTCJUXJACCGCCCGTATCCC 

TyrPheScrMetValGlyAflnTrpAlaLysValLcuValVaJXcuLeuLeuPheAiaGly 
1081 rATTTCTCCATGCTGGGGAACTGGGa:AAGGTCCTCCTAGTGCTGCTCCTATT^ 
ATAAAGACGTACCACCCCTTCACCCGCTTCGU^GACCATCACGACG^ 

valAspAlaCluThrHijvalThrGlyGlySerAlaGlyHHThrvalSexGlfPheVal 

1141 GTCCACC OaauUiC CCACCTCACCGGGGGAACTCCCGGCCACACTGTGT^ 
CASCTCCCCCTTIGGCTGCAGTGGCCCCCrTCACGGCCCGTGTGAC^ 

SerLeuLeuAlaProc:iyAlaI*y8GlnA£nValGlnLftuIleAjaTnrABDGl7SerTrp 
1201 AGCCTCCTCCCACCAGCCGCCAAGCAGAACGTCCACCTGArCAACA 

TCGGACCAGCGTGGTCCGCGGTTCGTCTTGCAGGTCGACTAGTTGTGGTTGCCGTCAACC 

HisLeuAsnSerThrAlaLeuAsnCyaAsnA^pSerLeuAsnThrCIyTrpLeuAlaGly 

: : e 1 CACCnXIAATAGCACGGCCCTGAAaXXIAATGATAGCCTCJUUIACCG^ 

GTGGACTTATCGTGCCGGGACTTGACGTTACTATCGGAGTTGTGGCCGACCAACCGTCCC 

LeuPheTyrHl9HigLysPhcAsnS«rSexT;iyCyBPrcCiuArgLeuAlaS«rCys^ 
13 21 CTTTTCTAltJlCCACAAGTTCAACTCTTCAGGCTGTCCTGAGACGCTAGCCAGCTGCCGA 
GAAAAGATAGTGGTGTTCAAGTTGAGAAGTCCGACAGGACTCTCCGATCGGTCGACGGCT 

ProLauThrAspPheAapGlDGlyTrpGlyProIIeSerTyrAlaAsnGlySerGlyPro 

13 91 CCCCTTACCCArrrrGACCAGGGCrGGGCCCCTATCAGTTATGCCAACGGAACCGCCCCC 
G«W3AATGGCTAAAACTGGTCCCGACCCCGGGATAGTCAATACGCTTGCCTTCGCCCGGC 

AjpGlnArgProTyrCysTrpHisTyrProPrcLyaProCysGlylleValProAlaLys 

1441 CACCAGCCCCCCTACTGCTCGCACTACCCCCCAAAACCTKCGGTATTGTGCCCGCGA^ 
CTGGTCGCGGCGATGACGACCGTGATGGGGGGTTTTGGAACGCCATAACACGGGCGCCT 

ServalCysClyProValTyrCysPhexhrProSarProValValValGlyThrThrAap 
1501 AGTGTGTGTGGTCCGCTATATTCCTTCACTCCCAGCCCCCTtWTCGTGGGAACG ACCGAC 
rCACACACACCAGGCCATATAACGAACrCAGGGTCGGGGCACCACCACCCTTGCT^ 

ArgScrGlyAlaProThrryrSerTrpGlyGluAsnAapTnrAspValPhftVail-euAsn 
-561 ACGICCGGCGCGCCCACCTACAGCTGGGGTGAAAATGATACGGACGTCrrCSTCCTTAAC 
rCCAGCCCGCGCGGGTGGATCTCGACCCCACrrTTACTATGCCTGCACAACOUJGAATTC 

AsnThrArgProProLeuGlyAsnTrpPheGlyCysThrrrpMitAfiziSerThrtlyPhe 
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1621 AATACCAGGCCJUrCGCTGGGCAATTGGTTCGGTTGTACCTGG 

TTATGGTCCGGTGGCGACCCGTTJUlCCAAGCCJU^CATGGACCTACTTGAfiTTG 

TnrLytvalCysGIyAlaProProcyBV&irlttGlyGlyAlaGXyAsnAflnThrLcuHis 

1681 ACCAAAGTGTGCCGAGCGCCTCCTTGTGTCATCGGAGGGCCGGGCAACAACACCCTGC^ 
TGGTTTCACACGCCTCGCGGAGGAACACAGTAGCCTCCCCGCCCGTTGTTC 

Cy«proThrAspCysPheAr9tyaHi8ProA0pAl«ThrT7rd«LrAr9CysGXyS«rGly 

17 4 1 TGCCCOVCTGATTGCTTCCGCAAGCATCCGGACGCCACATACTCTCGGTGCGGCTCCGGT 
ACCGGGTGACTAACGAAGGCGTTCGTAGGCCTGCGGTGTATGAGAGCCACGCCGAGGCCA 

llm 

?roTrpLftuThrProArgcysLeuValAspryrProTyrAr9LeuTrpHl3TyrProCy9 

1301 CCCTGGATCACACCCAaTCCCTGGTCGACTACCCGTATACCCTrrcC^ 

GGGACCTAGTGTGGGTCCACGGACCAGCTGATGGGCATATCCGAAACCGTAATAGGAACA 

ThrIleAsnTyrThrIlePhaLysIl«Arg>iatTyrValGlyGlyValGluHisArgL«u 
1861 ACCATCAACTACACCATATTTAAMTCAGG ATGTACGTGCCAGGGGTCCAACACAGG^ 
rGGTAGTTGATGTGGTATAAATTTTAGTCCrACATGCACCCTCCCCAGCTTGTCTCCG;^ 

aiuAlaAlaCysAfinTrpThrArgGlyGluArgCyaAapLauGluAapArgAspArgScr 

^921 GAAGCTGCCTGCAACTGGACGCGGGGCCAACCTTCCGATCTGGAAGACACGGACAGCTCC 
CTTCGACGGACGTTGACCTGCGCCCCGCTTGCAACGCTAGACCTTCTGTCCCTGTCCAGG 

GluLcuS«rProI^u^xluLauThrTh^T^^GlnT3rpGlnVal^AuP^oCyaSe^Ph•Thr 
1981 GAfiCTCAGCCCGTTACTGCTGACCACTACACACTGCCACCTCCTCCCGTCrrTC 
CTCGAGTCGGGCAATGACGACTGGTGATGTGTCACCGTCCW»UX;CCAC^^ 

rhrLeuProAlaLeuSerThrClyLouIleHlsLeuHisGlnAanlleValAapValGla 

204 1 ACCCTACCACCCTTGTCCACCGGCCTOlTCCACCTCaiCCAGAACATT^^ 
rGGGAIGGICGGAACAGCTGGCCCGACTAGGTCCACCTGCTClTCTAACA^^ 

?y rj^u TyroiyValGlySerSerIleAlaS«rTrpAIaIleLyaTrpGluTyrV*lV4l 
2101 ?ACTlGTAaWCCTGGCCTCAACCATCGCCrCCTGGCCCATTAAGTa«y^ 

AXGAACATCCCCCACCCXAGTTCGTAGCGCAGCACCCCCTAATTavCCCTCATGCAC^ 

Leul^uP h»T^ iiL e uI^uAlaAapAlaArgValCyflSerCyflLttuTrpM«tM«tI^uLau 

2161 CTCCTGTTCCTTCTGCnTCCAGACGCGCGCCTCT G CT C CTGCTTGTGGATC^ 

GAGGACAACCAAGAa;AACCTCTCCGCCCGCACACGACGACGAACACCTACTM 

IleSerGloAlaGluAlaAI&LftuGluAsnLeuVallleLeuAanAlaAlaSerLeuAla 

2 ^ 1 ATATCCCAACCCCAGGCCGCTTTGGACAACCTCGTAATACTrAATGCACCAlCC 

TATAGGGTTCGCCTCCCCCCAAACCTCTTGGAGCAmTGAAlTACGTCGtACCCACCCG 

GlyThrHifiGlyLeuValSexPheLcuValPhePhcCysPhoAlaTrpTyrteuLysGly 
-^^81 CGG AC GCACGGTCTTGTATCCTTCCTCGTG TTCTTCTGCTTTGCATCGTATTTGAAGGCT 
CCCTCCCTCCCACAACATAGGJU«yVGCACAACAACACGAAAC6TACCATAAACT^ 

LyaTrpValProGlyAlaValTyrThrPheTyrGlyMatTrpProLeuIjeuLeuLeurieu 

3 4 1 AACTCGGTGCCCGGAGCGGTCTACACCnTCTACGGGATGTGGCCTCTCCTCCTGCTC 

TTCACCCACGGGCCTCGCOUyiTGTGCAAGATCCCCTACACCGCAGACGAW^ 

LeuAlaiAUProGlnArgAlaTyrAlaLeuAspThrGluValAlaAlaSerCysGlyGIy 

2401 rrogccttgccccagcgggcgtacgcgctcgacacggagglggccgcgtcgtgt^ 
am:cgcaacggcgtcccccccatgcgcgacctgtgcctccaccggcccagcacaccgcc^ 

ValValLeuValGlyj^uHetAlaLeuThrLeuScrProTyrTyrLyBArgTyplXeS^r 
2461 GTTCTTCTCGTCGGGTTGATGCCGC7CACTCTGTCACCATATTACAACCG 

CAACAAGAGCAGCCCAACTACCGCGACTGAGAOUSTGGTATMTGTTCGCGA 

(ASQ) 

rrpCysLeuXrpTrpLeuGlnTyrPheLeuTIirAtgvalGluAiaGlriLeuHisValTrp 
2521 TGGTGCTTGTGGrGGCrTCAGXATTTTCrGACCAGAGTGGAAGCGCAACTC^ 

ACCACCAACACCACCGAAGTCATAAAAfiACTGGTCTCACCTTCGCGTTGACCXGCA. ACC 

IlaProProLeuAsnValArgGlyGlyArgAspAlaValllaLauLftuHstCyaAIaVal 
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2581 ATTCCCCCCCTCAACGTCCGAGGGGGCCGCGACGCCGTCATCrrACTCATCTGTCCTGTA 
TAAGCGGGGGACTTGCAGGC7CCCCCCGCGCTGCGGCACTiU:AAT^ 

HldProThrLeuValPhaAspllttThrLysLsuLeuLeuAlaValPhAGlyProLeuTrp 

: 6 4 1 CACCCCACTCTCGTATTTGACATCACCAAATlGCTGCTGGCCGTCTTCCGArc^ 
GTCG(;C1GA6ACCAXAAAC7GtAGTGGTTTAACGACGACCGGCA<^^ 

llttLAuGlnAlaS^rl^uLeuLysValProTTrPheValArgVaXGlnGlyLeuLauArg 

: 7 0 1 ATTCTT CX AGCCAC TTT UC ITA AAGTACCCTACTTTCTGCGCGTCCAAGGCCTTCTCCGG 
TAAOAACTTCGGTCAAACGAATTTCATGGGATGAAACACGCGCAGGT^ 

PheCyaAl aLeuAl aArgLy sMet 1 1 eGl yG ly HisTy rVa iGInHMVal I le I l^y s 
2761 TTCTCCGCGTTAGCGCCGAAGATGATCGGACGCCATTACGTGCAAATGCICATCACT 
AAflJUMCCCAATCGCGCCTTCTACTAGCCTCCGGTAATCCACGTTTACCACT^ 

L«uGlyAlal^uThrGlyThrTyrVaLTyrA»nHlat«uThrFroLauArgAapTrpAla 

2 B 2 1 TTACCGGCCCTTACTGGCACCTATGTTTATAACCATCTCACT C CTCTTC G CGAC^^ 

AAICCCCCCGAATGACCGTGGATACAAATATIGGTAGAGTGAGGAGAAGCC^ 

H 1 s A^nGl yLeuAr 9 AapI^uAl a Va lAla Va IG luP r oValValPheScxGIoMetGlu 
: 8 8 1 CAaUiCCCCTTGCCAGATCTXX;CCGTCGCTGTAGAGCCAGXCGT C T^ 

G IGTTGCCGAACGCTCTAGACCGGCACCGACATCTaGTCAGCACAAGAGGGTTTACCT 

ThrLyaLeuIIeThrrrpGlyAlaAapThrAlaAlaCyaGlyAapIlelleAanGlyLeu 
2941 ACCAAGCTCATCACGTGGGGGGCACATACCGCCGCCTGCGGTGACATCATCAACGGCTTC 
TGGTTCGAGTACTCCACCCCCCGTCTATGGCGGCGCACGCCACTCTAGTAGTO 

ProValSarAlaArgArgGlyArgGXuIieLsuLauGlyProAlaAspGlyHetValSar 

300 1 CCTGTTTCCGCCCGCAGGCGCCCGCAGATACTGCTCGGGCCAGCCGATGCAATGCTCTC^ 
GGACAAAGGCGGGCGTCCCCGGCCCTCTATGACGACCCCGGTCGGCTACCTIACCAGACC 

LyAClyTrpAr9LaulAuAlaProlleThrAlaTyrAlaGlDGlnThrAr9GlyLeuL«u 
3061 AAGGGGTGC»OGTIGCTGGCGCCCATCACGGCGTACGCCCAGCAGACAACGG^ 
TTCCCCACCTCOUUXyiCCGCGGGTACTGCCGCATCOGGGTCCTCTG 

GlyCysIlelleThrSerLeuThxGlyArgAsptyaAanGlnVaiaiuGlyGluValGlQ 

3121 GQCTGCATAAtCACCAGCCTAACTGGCCGCGACAAAAACCAAGTGGASGGTGA^ 

CCCACGTATTAGTGGTCGGATTGACCGGCC Ci^ mTT G GTTCACCTCCCACTCCAGGTC 

ricValScrThrAlaAlaGlnThrPhalAuAlaThrCyalleAanGlyValCysTrpThr 
3181 ATTGTC TCAACTGCTCCCCAAACCTTCCTGGCAACGXGCATCAATCGCCTGTGCTGGACT 

taacacagtix;accacgggtttggaaggaccgttgcacgtagttaccccacacgac 

ValTyrHisGlyAlaGlyThrArgThrlleAlaSerProLysGlyProVallleGlQMot 

3 241 3TCTACCACGGGGCCGGAACGAGGACCATCGCGICACCCAAGGGTCCTGTCATCCAGATG 

CAGATCGTCCCCCGGCCTTGCTCCTGGTAGCGCACTGGGTTCCCAGGACAGTAGCTCTAC 

S«r Thr 

TyrThrAsnValAapGlnAspIieuvalGlyTrpPrQAlaProGlnGlyScrArgSerLeu 
3301 TATACCAATGTAGACCAACACCTTCTGGGCTCCCCCGCTCCGCAACCTACCCCCTCATTC 
ATAl«rrACATCTGCTTCTCGAACACCCCACCGCGCGAGGCGTTCCAI^ 

ThrProCysThrCysGlySerScrAapLeuTyrtiOuValThrArgHiaAlaAspVallle 

3361 ACACCCTGCACTTCCGGCTCCTCGGACCTTIACCTGGTCAC^^ 
TGTtK^GACGTtyUUTGCXZGAGGACCCTCGAAATGGACCJUITGC^ 

?roV«lArgArgArgGlyAapSerArgGlySerLeut<eaSerPrQArgProIlcSerTyr 
3421 CCCGTGCCCCGGCCCGGXGAXAGau;CGGCAGCCrGCTGTCCCCCC(^CCATTTC 

SGGCACGCGGCCGCCCCACTATCSTCCCCGTCGGACGACAGCGGGGCCGGGTAAAGGA 

leutyaGlySerSarGlyGlyProUuLeuCysProAlaGlyHifiAlaValGlyriePhe 
3481 ITGAAAGGCTCCTCGGGGGGTCCGCTGmTGCCCCGCGGGCCACCCCGTCCCCAIATTT 
AACTTTCCGAGCACCCCCCCAGGCGACAACACGGGGCGCCCCGTCCGGCACCCGTATAAA 

ArgAlaAlaValCysThrArgGlyValAlaLyaAlaValAsfPhellePwValGluAjn 
3541 AGGGCCGCGGTGTGCACCCGTGCAGTGGCTAAGGCGGTGGACOTATCCCTGT^^ 
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TCCCGSCGCCACACGTCGGCACCTCACCGATTCCGCCACCTGAAATAGGCACACCICTTG 

■> i « , if "S^'*^*''^*"^"*^9SerPro7alPheIhrAspAsnSerS«rProProValValPro 

3601 CTAGMACAACCATCAGCTCCCCGGXCrTCACG<yVTAACTCCTCTCC^^ 
GATCTCTGTTKTACTCCAGGGGCaUyu\GTGCCTArrGACMAG*M 

, 5^°^*'^''«<»^-nValAlaHlsLeuHlsAlaProThrGlySerGlyLysS«rThrLy«Val 

3661 CACAGCTTCCAa;iG<K»CACCTCCATGCrCCCACACGCA<X:G<KyU^^ 

GTCTOTAAGGTCCACCGAGTGGAGGTACGAGGGTGTCCGTCGCCGTTTTOIIXKSTTCCAG 

S52ii*i^«^'^AlaAlaCln01yTyrty«ValL«uVali«uA«nPros«rValAlaAla 

555SSF2S*^*''^^^^®*<»CTATAACG1GCTA6TACTCAACCCCTCTG^^ 
GGCCGACGIATAC6TCGACTCCCGATATTCCACGATCATCACTTGCCCACACAACGACCT 

^7 0 T I2f UeArgThr 
iSJ^JSSSCmGGTCCTTACATGTCaUkGGCrCATGGGATCGATCCTAACATCAG^ 

TGTGACCCGAAACCACCAATCTACAGCTTCCCAGTACCCTAGCTAG6ATTGTAGTCCTGG 

- 1 ^iyYii*£"'^Ile''*u-rht<:iySBrProIleThrTyrSerThrTyrGlvLysPhBLeu 
J 8 < i GGGGTCACAACAAXtACCACTGGCAGCCCa^ 

-CCCACTCTTGTTAArCGTGACCGTCCGCGIAGTGCATCACGTG(»TCCCGTTCAACCAA 

3901 ^iJj^ESiiSiXSXf^H^'^ySlyMaTyrAapIlellelleCyaA^pCluC^ 

^^^'^^S^CMTCCTCGCOWCCGCTTAICACAXAATAATTTGTCACGM 
t.w.gT5CCGCCCAC6AGCCCCCCCCCAATACTGTATTATTAAACACTCCTCACGGTGACG 

1 ??i^2iii?||fSf£^^«I*iciyri«GIyThrVal^ 

TGCCtACGGTGTACGTAGAACCCGTACCCGTGAOlGGAAClCGTICGTC^^ 

CCCTCW»CCAACACGAGCCCrCGCCGTGGGGAGGCCCGACeK3U»CACACGGCGTACCG 
TTGTAGCTCCnx:C»AC<»(aCACCTGGTGGCCTCTCTAaxa^^ 

GGGGAGCTTCAITACTTCCCCCCCTCTGTAGAGTACAA<auaGIAACTTTC^ 

CTCCTTGACCCCCCTTTCCACCACCCXAACCCGTACTTACGSCACCCGATGATGGCCCCA 
^?ISifSXSi]t$?JXSifi5**'°^'^^«'<^ly^PValValValvam»ThrAapAla^ 

rn55^5I2™?S;?<^SACCAGCGGCCAIGTTGTCGTC3TCCCA*CCG^^ 
GAACTGCAavGGCAGTA<WCCTGGTCGCCGCTACAACAGCA(K»CCGTrCGCTACCGGAG 

4321 A«Ir?S^^ liT^JSiXi^f P''*^P***"^*^ lleAapCy«A«nThrCy«ValThPGln 
^^i^^*TJ£SCGCeACTTCGACTCCWlGATACAC^^ 
iAwTCCCCGATATGGCCGCT<yUGCrCACCCACTATCTGACGTTATCCAC3lCACTCSCTC 

4381 ?^jj^^E^*f. y^"^ PP^oThrPheThrIleGluThrIl«ThrLauProGlnA<p 
^riS'^^ITTS^GCCpGACCCTACCTTCACC^ 

-'iTCAGCTAAAGTCGGAACTGGCATGGAAGTGGTAACTCTCTTAGTGCGAGGGGGTCCTA 
4441 GCTG?c?^r^^?i^^?i^Sin°^7ArgT^irClyArgGlyLy5ProGlyllel^ 

CGACACAGGGCCTGAGnCCACCCCCGTCCTGACCGTCCCCCTTCGCTCCCTAGA 1 CXCT 


4361 
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?hcVaijaAProGlYGluAxgProS«r01yM)«tPhaA«pS*rS«rValL*uCy»GluCy« 
4 501 ITTCXGGCACCGGGGGAGCGCCCCTCCCGCATGTTCGACTCGTCCGTCCTCTGTGACXre 
AAACACCGTGGCCCCCICGCGGGGAGGCCGTACAAGCTGAQCAGGC^ 

lyrAspAlaGlyCysAiaTrpTyrCluLeuThrPrQAlaGLuThrThrValArgLftuArg 

4 561 TATGACGCJU;GCTGTGCTTGGTAIX;AGCTCACGCCCGCCGiWUCTAa^ 

ATACTGCGTCCGACACGAACCATACTC6AGTGCGGGCGGCTCTGATGTCAATCCGATGCT 

AlaTTTHstAsoThrProGlylAuProVaiCysGInAspHlsLauGluPheTrpCluGly 
4621 GCGTACATGAACACCCCGGGCCTTCCCCTGTCCCACGACCATCTTGAATTrTGGGACGK 
CGCATGTACTTGTGGGGCCCCCAAGGCCAC^CCCTCCrGGTAGAACTTAAAACCC^ 

ValPheThrClyLtfuThrHlftXleAspAlaHisPheLeuSftTGlDlhrLysGlnSerGIy 
4681 GTCTTTACAGGCCTCACTCAIATAGATGCCCACTTTCTATCCCACACAAAGCACACXC^ 
CAGAAAIGXCCGGAGTGAGTATATCTACCGGTGAAAfiATAGGGTCTCTTTCCTCTCACCC 

GluAaoLeuProTyrlAuValAlaTyxGlnAlaThrValCyBAlaArgAlaGInAIaPro 

4 741 gagaaccttccitacctggtagcgtaccaagccaccgtgtccgctaggcctcaagcccct 
ctcttggaaggaatggacx:atcgcatggttcggtgccacacgcgatcccgagttcgggga 

ProProS«rTrpA*pGlnM«tTrpLyfiCysLeuIl«Argl/eaLysProThrl.cuHisGly 
^801 CCCCCJITCGTGGGACCAGATGTGGAAGTGTTTGATTCGCCTCAACCCCACCCTCCATGGG 
3GGCG I ACCACCCTGGTCTACACCTTCACAAACTAACCGGAGTTCGGGTGGGAGGTACCC 

ProThrProLeuLeuTyrArgLeuGlyAlaValGlnAsnGluIlcThrLeuThrHlsPro 

4 861 CCAACACCCCTGCTATACAGACTGGGCGCTGTTCAaAATGAM 

GGTTGTGGGGACGATATGTCTGACCCGCGACAACTCTTACXTTAGTGGGACTC 

VairhrLystyrlleMetThrCysMfitSerAlaAspL^uCluValValTlirSerThrTrp 

4 9 21 GTCACCAAATACATCATGACAICCATGTCGGCCGACCTGGAGGTCCTCACGAGCACCT^ 
CAGTGGmATCTACTACTCTACCTACACCCCGCTCCACCTCCACCACTCCTCCT^^ 

VallAuValClyGIyVaUAuAlaAialAuAlaAlaTTrCysLftuSerThrGlyCysVal 
4981 G TGCT CC raUXCGCCTCCrCCCTCCITTGGCCGCGIATTCCCTCTCAAa^ 

CACGACCAACCGCCGCAGGACCGACGAAACCGCCGCATAACGGACAGTXGTCCGACGCAC 

vallleValGlyArgValValLeuSerGlyLyaProAlallelleProAapArgGluVal 
504 1 GTCATAGTGGGCAGGGTCGTCTTaTCCGGGAAGCCGGCAAXCAXACCTCAa^ 
CAGTAXa^CCGTCCCAGCAGAACAGGCCCrtCGGCCGriAGTATGGAClt: 

LeuryrArgGluPheA«p<;iuMetGluGluCy8SerGlnHisI^uProTyril«CluGln 

5101 CrCTACCGAGAGTTCGATGAGATGGAAGAGTGCTCTCAGCACTXACCCTAqATCGAGCM 
GAGAlCGCTCTaUGCTACTCTACCTTCTCACCAGACTCCTtyU^TCC^ 

GlyMatMatLeuAlaGluGInPheLysGlnLyaAlaLeuGlyLeuLftuGlnThrAlaSer 
5161 :^3G AW ATGCTCGCCGAGCAGTTCAAGOU: AAGGCCCTCGGCCTCCTGCAGACCCCCTC^ 
CCCTACTACGACCCGCTCGTCAAGXXCGXCrTCCCGCAGCCCCAGGACGICTGGCGCAGG 

ArgGlnAlaGluValXleAlaProAlaValGlnXhrA8nXrpGlnX.yBLeuGluXhrPhe 
; 2 : 1 CGTCAGGCAGAGGTXAXCGCCCCXGCTGTCaVGACCAACTGGCAAAAACXCGAGACCTTC 
GCAGTCCCTCTCCAAXAGCCGGGACGACAGGXCTGGXTGACCGTTTTTCAGCTCXGGAAG 

TrpAlaLysHisMetTrpAsnPhcIleSerGlylleGlnTyrLeuAlaClyLeuSerThr 
5281 TGGGCGAAGCAXAXGXGGAACrrCAXCAGXGGGATACAATACTXGGCGGGCXTGXCAACC 
ACCCGCTrCGXATACACCTTGAAGTAGXCACCCrATGTTAIGAACCCCCCCAACACTTGC 

LeuPTOGlyAsnProAlaXIeAlaSerLeurtetAlalhelhrAlaAlaValThrS^rPro 
5341 CXGCCTCCXAACCCCGCCATTGCTTCATTGATGGCTTXTACAGCTGCIGXCACCAGCCCA 
GACGGACCATTGGGGCGGTAACGAAGXAACXACCGAAAATGTCGACGACAGTGGXCGGGT 

l^uTn^T^J:s«GlnThrLeuLftuPheAsnIleLeuGlyGlyTrpVaaJllaAiaGlnX/eu 
5401 CTAACCACTAGCCAAACCCTCCTCTTCAACATATTGGGGGGGTGGGXCGCXGCCCAGCIC 
GATTGGrGAXCSGTXTGGGAGGAGAAGXTGTAXAACCCCCCCACCCACCGACGGGTCGAG 

AlaAlaProGlyAlaAlaThrAlaPheValGlyAlaGiyLeuAlaGlyAlaAlallaGly 
s 4 #; 1 <^rr:rr r r rri.'ZTCr rr:rTArTf;rc?TTGIGG3CGCXGGCTTAGCTGGCGCCCCCATCC^ 
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CGGCGGGGGCCACGGCCUlTGACGGAAACACCCCCGACCCAAtCCACCGCGGCSGTAGC^ 
StxVmlCLyl^uGIyLysVallAuIlttAflpIlaLAXiAI&GlyTTrGlyAlaGlyValAU 

5521 AGlXSTTGGACTGGQjAJ^TCCTCAZiU;^ 

TCAOU^CCTCJICCCCTTCCAGGAGTATCTGXA^^ 

(ClT) 

GlyXIaLeuVAUaaPheLysxlcHetSftrCly01uValPro5«rThrGluA«pLauval 
3581 GGAGCTCTTGTGCCATTCAAGATCATCACCCGTGiUMTCCCCT^^ 
CCTCGJUyuUIACCGTJUUWrCTAGTACTCGCCACTCa^^ 

MnlAutAuPraAlallALeuSerPraGlyAlaLttuValValGlyValValCysAlaAla 
5641 AATCTACXGCCCCCCAICCTCTOTCCCGGAGCCCTOTAGTOGGCCTOCT^ 
TTMUTGACGGGCGGTJU^GAGAGCGGGCCCCGGGMKJITCJ^ 

XlftLftuArgAr^HiaValGlyProClyGluGIyAlaValGloIrpMetAanArgliftuIlft 

5701 ATACTGCGCCGGCACGTrGGCCCCGGCGAGGGGGCACTGCAGTCOATGAAC^ 
XXTGACGCGCCCCTGOUlCCCCGCCCGCTCCXCatTCACCTCA^ 

AlaPh«AlaSerAr9GlyA«imisValS«rFrothrHlaT7zValPrcGluSerAapAla 

5761 GCCtTCGCCTCCOC»;GGGAACCATGTRCCCCCXa;CAC^^ 
CCGAMa;CAGCGCCCCCTZG6UCAAAGGGGGnCGTGATC 

(HlsCyi) 

AlaAlaAr?ValThrAlaIl€L<iuSarS«:JLeuThrValThrGlnLauTatiArgArgLeu 

5 B 2 1 GcrrGcca;ccTaurrGcxjvTACTCJkccAccc^^ 

CGACGGGCGCAGTGAax;TATCJU;TCCTCGGAGTGACAriGGGTC^^ 

HlaGIaTrpIl«3«rSttzGluCyaThrThrProCysSerQlyS«rTrpLauAr9AapXlB 
5881 CACCACTCGATAACCTCGCACTCTACCACTCCATCCTCCCGTTCCTGG^ 
GTCGTCACCIAJTCCACCCTCACATCCTCACGTACGAGGCCAACSACC^ 

XrpAapTrpXl«Cy«GluValL«uSarAapPhaLytThrTrpLMi^ 
5941 tGGGACTOGMAlQCGMGlGTtGAGCGACrm 

ACCCTCACCXAI*CCCTCCACAACTCGCTGAAATTC^^ 

ProGliamPrc3QlyUeProPhaVal3«rCY6GlDAr9Cly1^L7sGI^ 
6001 CCACAGCTGCCTGGCATCCCOTTCTGTCCTOCaUWGCGC^ 
GGICTCGACGGACCCTAax;aAAAaCAG6ACGGT^ 

(Val) 

GlyAapGIylleHatHlBThrArgcytHlaCysGlyAlaGluIleThrGIyHiaValLys 

6061 GTGGACGGCAT»TGCACACTCGCTGCCACTGItK;ACCK^ 

CACCTGCCGTAGTACGIGTK»GCGACGG7GACACCTCGACTCTAaTCACCTC 

AanGly ThrMetArg I laValG ly ProArgThrCy 8ArgAacMetTrpS«rClyThrPhe 

6121 aacgggacgatgacgatcgtcggtcctaggacctgcaggaacat6tggju;tc^ 
rtcccctcctacrcctagcagccacgatcctcgacgtccttct^ 

proIlaAanAlaTyrThrThrClyProCyaThrPrcSLauProAlaPrQAjnTyrTlirPhe 

6181 CCCATTAATGCCTACACCACCCCCCCCTCTACCCCCCTTCCnXXrCCCC^^ 
GGGXAATTACGCATGtGGTGCCCGGGUCATGGGGOGAACGJCGCCGC^^ 

AlaLeuTrpArgValSerAiaCluGluTyrValGluIl«ArgGlnValClyA«pPh^l« 

6241 GCGC7ATGGAGG6TGTCTGCAGACGAATATGTG6AGATAAGGCACCT(K»GGAC7^^ 
CGCGATACCTCCCACAGAC G T C TCCmtAau:CTCTA^ 

ryrVallTirGlyMetThrThrAspAanLeuLysCysProCysGlnValProScrProGlu 

6301 rACCTCACBGGTATGJOACTGACAATCTCAAATGCCCG 

ATGCACTGCCCATACTGATCACTGTrAGAGTTTACGGCCACGGTCCACGGTAiGCGGGCTT 

PhePheThrGluLieuAapGlyValArgLeuHlBArgPheAlaProPrcjCysLyaProLau 

6361 rTTTTCACAGAATTGGACCCGGTCCGCCTAailAGGXTTG^ 

AAAAACTGTCCTAACCTCCCCCACGCGGATCTATCOUUWIGOCCGCCCAO^^ 

LeuArgCluCluValS«rPhaArgValGlyt«uHi«GluTyrProvalGIyS«rGlnLeu 
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GACGCCCTCCTCCATACXAAaTCTCATCCXCyUKSTGCTTATC^ 


1 ^ ^^ ^'^^"^^^^"^^Q^P^'^^^^^^^'^^^^^^^^^^^^PPgQ^^^* 
1 CCTTCCCAGCCCGAACCGGACCTTCCCGTGTn^^ 


648 


, ^ , , Ji«T5rMaGluAlaAlftGiyAr9Ai?ii*uAlaXrgGlyS«rProProS«rVam 

tattctcgtctccgcccccccccttccaaccgctcccctactgg^^ 
acc^ficcwtcggtccxtmcccacgtjum^gacttccgtt^^ 

i: i: c 1 S2S£J2i^E5i2S^"^"^^*^ luAlaAsoLeul^uTrpAr^lnC luMstClyGlyXan 
ACGGOACTJ^JACTCCACTXTCTCCMmGAGCMjlC^ 

TMTCGTCCCAACTCACICTTTTCTTTCJ^C^ 

CCCCrcCTCClXOTCGCCCTCTACACGCXTCSGCGT^ 

AACa55GTCCa;<MCCGC»AXCCCCK:GCCM^ 

^^^^ 

ACCTTTTTCQCCCTGATCCTTGCTGC^ 


AGATCACCGAi^CGCTCGACCGCTGGTCnccyuU^ 

7Qfli I?5Si?^^2?J}fT^^ 

T\iCCroCTCmTCCTCrrKrrAGGAGACTCCGGCGGGGAA^ 

(PheAla) 

CTtXGACTCAGGATAACGAMTAC(»;(^ 

7201 f2?^5SiX^53£S?r^^*^^ 

T«iCTTC:CCAGTACCAGTTGCCAGTCATCACTCCGCTTC 

JrxACAGAATGACAACCTCTCCGCGIGAGCAGtGGGGCACCC^ 
<iAU5CGIAGmCGTGATTCGTTtyu;CAACGATCC»CTGGIGtTA^ 

ThrSerArgSerAlaCyKGlriArgGlnLystyBVaIThrPhttA«pAr9LauGlnvalLftu 
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73 Bl ACCTCACGCAGTGCTTGCCy^AAGCCAGAAGAAACTCACAmGACA^ 
TGCyiCTCCGlCACCAACGGTTTCCCTCTTCT^^ 

A«pSerHisryrGlnA«pvalLeuLysGluVaiLysAlaAlaAlas«rLy«valLy»Al4 

7441 a^C^GCCATtACCAXkCGTI^CM^ 

CroTCCCtAATMTCCTGCATGAGTTCCltrCJOiTT^ 

AAiiL«ut«u5«rValGlu(5luXlaCysderlieuThrProProHl«S*rAlaX.ysSert7a 
7501 AACTTCCTAXCCCTACAOGAAGCOTGCACCCrGACGCCCCCACXCTC^^ 
TtGAACCSATAGCCAtCTCCTTCGAACGTOCCACT^^ 

Phfi(;iyT7zt;iyAlaL76AJpValAr^tHiaMaAr9l*y«AlaValThrHisIleA«n 
SftrValXrpLyaAapLauLauCluAapAanValThrProIlaAapThrThrlleMfttAXa 

7631 TCCaTCtCGmGACCnCTGGAAGACAATCTAACACCAAT^^ 
ACCCACACCTTTCTCCAACACCTTCT«TACArTCTTCl^^ 

LyAJiaiiGluValPheCy57alClDProGlu£.ya(;iyGlyArgLy9ProAlaAx9LauXle 

7661 AAGJUl C CACG m T C T C CCTTCACCCTCACAAGgC 
TTCTTGCTCCAAAA<WXCAAGTCCGACTCTO 

vaiPheProAsptsuGlyValAryValCyBGluLyaHtttAlaLauTyrAApValValTI^ 

7741 OT(SrTCCCCGMCmGaarTQCG^ 

LyatmiProLeuJaaValMfttGlySarSerTyrGlyPheGlnTyrSwProGly^ 

7601 AA6CTCCCCTTCGCCGTGAtGG(UACCTCCXACGaASTC 
ITCGACCX^^MCOGGCACtJ^CCTTCGAGai^ 

Val6luFh«lMValGX&iaaTzi>LyaSflfl«yflI«yaThrRrc3MfttGlyPheSer^ 

7661 GTTCAATTCClCOTCOUGOCTGGJUlSTCCAf^^ 

TlirAr^8PhaAaps«rthrV^alThrGluserAapUeAr9ThrGluGlu^ 

7921 ACCCGCTGCTTltUCTCaUJUSTCACTGAGAGC^ 

TCGGCCJU:CAAACT(yUWTCTCA6TGACTCTCGCTCTAGGCATCCC^^ 

GlaCysCy«A«pI<auAapProGIiaiaJUrgv«XAlaIl«X«yadaxl^uXhzCluAr9£^u 

7 9 B 1 C^ATGTTCTGACCTCGACCCCCiUGCCCGCGTGCCCMCAACta^^ 
GTTACAACACIGGAGCZCGGGGTTCGGGCGCJU:CXGIAGTT^^ 

(Gly) 

TyrValGlyClyProLeuThrAsnScrArgGlyGluAinCysGlyTyrArgArgCysArg 

804 1 TATGrXGGGGCCCTCTTACCAATrCAAGGGGCGAGAlUr^^ 

ATACAACCCCCGGCAGAAIWTTAAGTTCCCCCCTCTTCACGCCGATAGTO 

AlaSerGlyValUuThrThrSerCy«GlyA5nThrI^uThrCyaTyrIletysAla^ 
8101 GCGAGCCCCCTACTGACAACTAGCTCTCGTAACACCCTCACmCT 
CCCTCCCCGCATCACTGTTGATCGACACCATOGTGGGACTGAAC^ 

AlaAlaCyaAr9AlaAlaGlyteu;iisAspCy«TnrMeiXeuValCysGlyAapAjpI^u 

8161 GCAGCCTCTC6AGCCCCAGGGCTCXAG6ACTCCAC»XGCTCCTCTGTG^ 
CGTCCGJUIACCTCGGCClXXCCACCTCCTty^aTCCTA^^ 

Valval tlaCyaGluSttrAlaClyValGlnGluAapAlaAlaSartauArgAlaPnexnr 

8221 GTCCr:ATCTGlWAAGCCCGGGGGTCC»fiGAGGACGCGGOGAGCCT^ 
CAGCAATACACACTTTCGCGCCCCCACGTCCTCCTGCGCCGCTCGGACTCT 

GluAlaHetThrArgTyrSerAlaProProGlyAspProProGlflPreCluTyrAa pL^u 

8281 GAGGC7ATGACCAGGTACTCCGCCCCCXaXWGGACCCCCaU>AC^^ 

CTCCCATACTCGTCCAICAGGCGCGGGCGACCCCTOCCGCGTCTTCCTCTXAXGCXCAAC 

GluLeuIlcThrSerCytSerSerAanValSerValAlaHlaAapGlyAlaGlyLyaArg 
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834 


840: 


846: 


852: 


864 


870 


876 


BB2. 


886: 


894 


900: 


c;ACCTCATAACAXaiTGCTCCTCCAAC6tGTCAG7CGCCC^^ 
CTCGMTAITOTASI^gACCAagTTGCAau^ 

vaiTTrTTTlAuThxArgAspProThrThrProLeuAliLArgAlaAlaTrpGluThrXl 

GTCTACtACCTCACCCGTCACCCTJlCXACCCCCCTCaCGX^^ 

Ar9HisThrProValA«i^«rTrpIi«uGIyAanIl«IIaMetPhAAlaProThrlAuTx^ 

AGACAOlCTCCAGTCAAnCCTGGCTAG^^ 

TCTGKTGAC6tau;TTAJU;aiU:CGATCCGr!X;TAm 

AloAT^tXlflliauHfttThrHiaPhtfhASerValLeuIleAlaArqAapGlaLeuGlu 
GlcMaLftuAspC7sGlull«T7tClyAlaO/9t7rS«rIlaGIuProliftiiAapLmiPro 

gxccgggagcimccctctagaigccccggacgaxgm;gtatct^ 

t 

ProXlaIleGliiArgLeuMiAGlyiAuS«rAlaPhftSerLeiiHi9SerT7rSerProGl^ 

CCAATCATTCAAAGACXCCMGCCCTCACCCCATTTTCACTCOUIAGra 

GGTTAGTAACTTTCTGAGGTACCGGAGTCCCGTAAAAGTGAGGTGT^ 

GlullaAsnArgValMaAlaCyaLeuArgLyslAuGlyValProPrdlAuArgAlaTrp 

GAAAXTAATAGGGTGGCCXCATGCCTCAGAAAACnGGGGlACCCCCCmC^ 
CmAATTAICCCACCGGCGTACCGAGT C TTTT G AACCCCATGGCCGCAACGCTCGAACC 

Gly 

ArgHiaArgAlaArgScrValArgAlaArgLAULauAlaAryGlyGlyArgAlaAXaZIs 

AGACACCCGGCCOGCAGCGTCCGCGCTAGGCT^^ 
TCTCTCWCCaKWCCTCGOWX^CGCGATCCGAAGACCW 

CytGlyLyrtyrtAUPhiAsnTrpAlaValA^ 

TGTOGCAACTACCTCTTCAACTCCGCACTAAGAACAAACCTC^^ 
ACACCCTXCATO^CAAGTTCACCCCTCATTC^ 

AlaJaaClyClnlAuAapLeuSerGlyTrpPheThrAlaGlyT^ 

GCCGCTCGCCAGCTGGACTTCTO^^CTCGTTC^ 

CGGCCACCCGTCGACCTCAACAGGCCGACCAACTCCCGACCGATGTCGCCCCCT^ 

TyrHlBScrvalSftrHlfiAlaArgProArgTrpIleTrpPheCysl^ulAuLeu^ 

TATCACAGCGTGTCTCATGCCCGGCCCCGCTGGATCT^ 
ATAGTCTCGCACACACTACGCGCCGGCCCCACCXACACCAAAACGCATGAM 

AlaGlyValGlylleTyrLeuLeuProAjiiArgOP 

GC^^GTAGGCATCTACCTCCTCCCOUICCGATGAAOT 
CCICCCCATCCGTAGATCGAGGAGGGGTTGGCTACTTCCAACCCCATT^^ 
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1 KetSer'JhrAsaProLyaPrcXjliil-ysLysAsitLysArgAsnThrAsnArgArgProGln 
KCT18 ^ ^^tgagcacgaatccraaacctcaaaaaaaaaacaaacgtaacaccaaccgtcgcccacag 

: 1 AspValLysPhQProGlyClyGiyCinilaVaiGlyGlyValTTrLeuLeuProArgArg 
S 1 gacgtcaagttcccgggtggcggtcagatcgttggtggagtttacttgttgccgcgcagg 


HCV-l 
KCT18 

Th ^ 

HC-Jl ~~ 

HC-J4 


^ -1 GlyProArgLeuGlyValArgAlaThrArgLyfiThrSerGluArgSexGlnProArgGly 
u^'\ --^ ^^ccctagantgggtgtgcgcgcgacgagaaagacttccgagcggtcgcaacctcgaggt 


HCT13 

HC-Jl 
KC-J4 


(>l ArgArg«;inProlleProLyfiAlaArgArgPrcDGluGlyArgThrTrpAlaGlnProGly 
HCT18 *'?*C9tcagcctacccccaaggctcgtcggcccgagggcaggacctgcgczcagcccggg 

HC^Jl" — —.^gllfZIIIIII ^ 

HC- J 4 t-g— a— a • c— & 


g 

ur^T ^ ^^P^roTrpProLauTyrGlyAsnGluGlyCysGlyTrpAlaGIyTrplAuLeuS 
HCTIS *^*f^^t99fcccctctatggcaatgagggcrgcgggtgggcgggatggctcctgtctccc 

H> J 1 ~- — IIIIIII— "!!"IIIIZI! IZ iiniiiifiii 

iCl :-xgGly5erArcj?rcSerTrpGlyProThrAspPrQArqArgAr^SerArgAsnLeu01y 
H"^18 ^^"^ -9*99ctci:c(;ccctagctggggccccacagacccccggcgtaggtcgcgcaatrrgggt 

121 Ly sVall leAapThrLeuThrCysGly PheAlaAspLeuMetGlyryTlleProLeuval 
H^Tq ^'^ ^ s^gytcatcgatacccttacgtgcggcttcgccgacctcatgggytacataccgctcgtc 

Hc^ji'^ c— ^ iirii~z"i~!m.i_iiiri-ii 

141 GlyAlaPrcLeuGlyGlyAlaAlaArgAlaLeuAiaHisGlyValArgValLeuGluAsp 
HCT18 ^ 99cgcc=ctcrrggaggcgccgccagggccctggcgcat-ggcgtcccggrtccggaagac 


Th 
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161 ClyValAsnTyrAlaThrGlyAsnLeuProGlyCysSexPheSerllePheL^uLeuAla 

HCV-l 4 81 ggcgtgaactatgcaacagggaaccttcctggttgctctttcrctatcttccrttctggcc 

181 LftuLmSttxCyaLttiiThrValProAlaSer 190 

KCV-1 541 ctgotccottgcttgaetgtgeccgcttcg 571 

KCT18 c a 

HCV JH g — c — t ca-c — a c 

HC- J 4 t g—c— t ca-c~a c 
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Prob*« for Hepatltus c Vlru« 


: 42.LIA2C. 44 

GGTGTTJ U:OTTlt,Al " :Tn ' yan ' l^> RGGT^^ 
:42. Iliac. 45 

RCCCSCCWUUrTTRACCTCCTGTCMGCGRCGTTAGGCATft^^ 
:42.UA2C.46 

CAACAKTAAACTCCACCRACGATClXyUICTTAGGCAWGGA^ 


:42.UJaC*47 

CCK^CCCACACCCAAYCTRQCCCCCCTCCGTTAG^ 
:42.LIA2C.48 

WCGAGGTTGCGACCGCTCGGAACTCTWCTTTMGC^^ 
!42.IXA2C.49 

CCCGCWCTGACCCCAGGYCCVGCCCTCGCRTTAMCATi^GG^ 
:42.UA2C.50 

MARCCCICXTTGCCATAfiiUKWCCCAAGGRTTAGCCATAGGJ^M 
;42.L LUC, S1 

CraCCOOC^WCAa^GCCXTCCYGCCCACTTA^ 
:42.LIA2C»52 

ACCCAAmROCK:cyu:CTRCCCCGGGGGTCTiyu;GCAT/^^ 
:42:LLA2C.53 

GGCGAAGCCGCAYGTRACTCTATCGATCACTTAMCATAG^ 
:42.LLA2C.54 

GGCGCCCACCACCGGWATRTACCCCATGAGTlAGGCATAG<y^CCCTGTC 
:42.LLA2C.55 

CACGCCGTCTTCCAGAACCCGGACMCCRTGTrAGGCATAGGACCCGTGTC 


B 
0 
H 
K 
M 
N 


- G J,C 
-GAT 

- A,T,C 
-G.T 

= A,C 

- GATC 


R - A.Q 
S « Q.G 
V-GAC 
W» A.T 
Y-C.T 
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LMbml 

Lab«l 
Labal 
Lab«l 

Labal 
Labal 
LalMl 
Labal 


43.LIA3C.44 
42.LXA2C.45 
42.LXA3C.46 

42. LLUC.47 

43. UA2C.48 
43.LIA2C.49 
42.LUUC.50 
42.LZA3C.51 
42.XXA2C.52 
42.LIA2C.53 
42.LIA2C.54 
42.LIA2C.55 



X6 

XO 

45 

49 

to 

78 

82 

to 

111 

115 

to 

144 

148 

to 

177 

211 

to 

240 

242 

to 

271 

275 

to 

304 

332 

to 

361 

365 

to 

394 

398 

to 

427 

457 

to 

486 
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